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for—non-aging sheet steel 


—nuclear modifiers 


MCA boron products are readily 
available in these forms: New developments in the use of boron steels require the 
proper boron alioys in the steels’ manufacture. Likewise, 
varying steel making techniques require different types 
= of boron alloys. For each, there is a proper boron alloy, 


cal- whether the objective is non-aging sheet steel or modi- 
le vy} fying rods for nuclear energy, for example. To meet 
a» 
= ) competitive steel prices, manufacturers need to employ 
= 


-_ alloying elements judiciously. 


MC'A’s long experience in boron alloys and their use in 


* Calcium Boride 
* Manganese Boride steel manufacture gives you a reliable source of infor- 
mation and service. Write or call today, 
* Perro-Boron (17° ) 


* Boron-Altuminum Cups 
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\ 
ater \ j 
\ 
/ 
4 
P 
val 
Repreventatwes 6 Los Angele un Francisco 
eve 


JOURNAL OF 


VOL. 9, NO. 5 
L MAY 1957 
Published to provide a continu 

ing, Guthoritotive, and up-to 

date ecord of technological Al M COVER 


engineering, and economic prog Cover Artist Irene Trivas depicts nuclear reactor tuel elements, one of the challenges to 
ress im all branches of the industry by the Met modern metallurgical research. A review of the 1957 Nuclear Congress is featured in 
allurgical Society, American Institute of Min : this issue. On the ISD side, the commencement of a three part history of the blast 
furnace is found on page 656 


FEATURES 
EDITORIAL STAFF Personnel 630 AIME News 


RIXFORD A. BEALS 
Editorial Director Books 636 Personals 


ing, Metallurgical, and Petroleum Engineers 


Inc, 29 West 39th Street, New York 18 N.Y 


F WESTON STARRATT Reporter 639 Coming Events 


Associate Editor Editorial 651 Advertisers Index 


JAMES J. BURKE Annual Meeting Story 710 
N. FRANKEL H. WITZLING 


Assistant Editors ARTICLES 


M. SNEDEKER 
Production Editor 


The 1957 Nuclear Congress 
Blast Furnace USA M. O. Holowaty 


ADVERTISING STAFF Government-Sponsored Metallurgical Research 


RACE PUGSLEY Production Manager Background Discussion awson M. McKenzi 
J. SEWING Asst. Prod. Mar 5 Ort 0 

rdnance sear Peter ¥ tin 

THOMAS G. ORME U.S. Army ice of Ordnance Research ng 

29 W. 39th St. New York 18.N. Y The Overall Government Program Julius J. Harwood 

Eastern Advertising Manager Air Force Office of Scientific Research Charles F. Yost 

BOB WILSON National Science Foundation £ £ Litkenhous and Gene M. Norby 

Millard Ave., Fox River Grove, Ill Oftice of Naval Research Julius J. Harwood 

Western Advertising Manager 
Atomic Energy Commission Edward Epremian 


Aeronautical Research Laboratory James W. Poynter 


METALLURGICAL SOCIETY OF AIME 


Kinnear Pre t 
President 
fent 


TRANSACTIONS 


Howe Memorial Lecture 
METALLURGICAL BOARD Some Observations on Ferrite Carbide Aggregates 
oh CT Marshal in Alloy Steels E. S. Dav 
Thermodynamic Properties of CS and Solutions of Sulfur in 


Carbon. Saturated Liquid Iron 


SOCIETY PUBLICATIONS COMMITTEE 6. Fincham and RK. A. 
rt, Jt irmar Effect of Oxygen Input Rates in the Decarburization of 


"Gl Chromium Steel W. Healy and 


TECHNICAL NOTES 


DIVISION PUBLICATIONS Peritectoid Transformation in ‘eo Al hg 
COMMITTEE CHAIRMEN 


Extractive Mapatheres Effetct of Strain and Temperature on the Yielding of 
Copper and Nickel H. Frye 


Meet Your Metallurgical Society 
(Insert following page 652) 


The AIME Also Publishes 


Mining Engine ernng 
Journal of Petroleum Technol 


1957, JOURNAL OF METALS--629 


709 
721 
724 
724 

656 

662 
664 

665 
671 
672 

673 

674 

nport 677 

\rgmar 690 
C Hilty 695 
yerhor 
Dicku 
Kellogg 
W. Woods 708 

| 

MAY 

Pood 


| HE toll swing employment items are made 


avatlab to AIME members on a non 
profit bases by the Engineering Societies Per 
nnel Service Inc Ag ney operating in 


cooperation with the Four Founder Societies 
Local offices of the 
AW 40th SI 
Ave Detroit 


t Randolph 


Personnel Service are at 
New York 18 100 Farnsworth 
5/7 Post St. Sen Francisco, 84 
Chicago | Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
stamps tor rwarding and turning appl: 
ation The applicant agrees, if placed in a 
Service 


listed by the 


position by means of the to pay the 
AIME 
bulletin of 


for $3.50 a quarter, $12 a 


placement yervice 


members may secure a weekly 


positions avarlable 
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PROCESS 
DEVELOPMENT 
ENGINEER 


Process development program at J&L offers 


exceptional opportunities to man interested 


im applying engineering tundamentals and 


physical chemical data to process design. The 
involves modifications in 


program conven 


tional steelmaking practices and development 
new 


processes for production of carbon 


and alloy steels as well as production of 


There ore 


both on an 


other related metals many chal 


lenging problems enginecring 
scale and im the 


Ph Dot M § 


research laboratory 

in Chemical Engineering or 
Metallurgy required 
based 


Salary open—to be 
on extent of traming and expenence 
Send resume to 

A Hill 

Research and Development Department 

JONES & LAUGHLIN STEEL CORPORATION 

} Gateway Center 


Pittsburgh 30, Pennsylvania 
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Associate Professor or Protessor, to 
nead Dept of Metallurs Will do 


ome teachir Vell ndepend 
ent ana ponsored researc! Saiary 
open. Locati New York metro 


W4741 


politan area 


about 


Assistant General Manager, 


410, with engineering training and at 
east ten years engineering and pro 
ductior experience I tructural 
te fabricatit plant Salary 
$10,000 a year, plus bonus. Location 
N. J “urea W 4735 


Sales Engineer raduate etal 
t, prets ibi wit! me experi 
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Development Metallurgists, gradu 
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1 Additional classified advertis i 
} ing appears on pages 632 and | 
634. 

in pressure vessel fabrication and 
ASME code 
responsible for mi ial 


interpretation to be 
and proc 
esse applicable to marine nuclear 
power plants; 2) Development Engi 
neers, B.S. in metallurgical engineer 
ing, E.E., or M.E., for development 
work leading to llization of new 
material and proce f b) Stand 
ard Eng neer B.S.M E 

ith vernment specifications; will 


familiarity 


respon ible for preparation of 
applied to making 
nuclear power plants: editing and 
preparation of standards and desigr 
handbooks and engineering report 

‘ Raw Materials Control Engineer 

B.S., metallurgical engineer, M.E. for 
raw material inspection and advisory 
responsibility Salarse to $8500 a 
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year. Company pays placement fee 


interviewlns relocation of 


‘ x pe mse 
dependent et Location, Pennsy! 
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Mechanical Engineer or Metallur 
gist, to supervise rolling and melting 
procedures in high nickel alloy mag 
netic thin gage rolling. De velop new 
t Salary $9000 a 


mapnetic 
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W4662(a) 


Research Engineers, with experi 
ence in nonferrou metallurgy 
especially the nontferrou extrac 
tive metallurgy of lead, zine, and 
copper; also a few year exper 
ence in pilot plant work or in gen 
eral smelter test work. a) Metallur 
gical, with 5 to 20 years experience 


id conduct research on 


problen of extractive metall 
Salarv. $8,000 to $12,000 a 
Metallurgical, with one to five 
experience to conduct 
probiem f extractive 

Will assist more experiences 
Salarv. $6000 to $9000 
Locatior western Penn 


W4554 


Assistant General Plant Superin 
tendent, engineering and/or metal 
lurgy de; with five to ten year 
experience in production operation 
to control and coordinate productior 

Vitie ind ipervise the work of 
variou production 
ore proce ing plant 


department in 
Salary, $8,880 
to $13 a Location Cuba 
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Engineers, earch 
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VOW... 
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Drop a line to . 


BATTELLE 


METALLURGISTS 


Would like to have a part in solving 
interesting research problems 


Would like to feel that your future is 
limited only by your own vision, abil 
ity, and effort 


Are willing to assume responsibility 


Would like to assist you in such per 
sonal progress 


Russell S. Drum 
Personnel Manager 


INSTITUTE 
Columbus 1, Ohio 


itical 
for machine 
Bac kground in mathematical 
Continued on page 632 


LIVE a little 
in RENO! 
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TOUR 
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PEOPLE 
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LODGE, INC 
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Personnel Metallurgists, 23 to 35, B.S. in mum location and layout of control 
try or metallurgy, with ap- panels for process units. ¢) Must 
ximately two years experience in know chemical-physics and mathe- 

i netals field, to perform mati for the development of fam 
netallurgical duties in extrusion and ily product quality control-type in- 
A possible finishing areas. Salary, open truments for use in petroleum re- 
in the Held of machin Location, East Coast. W4509 fining operation. d) Must know eco- 


it irch Metallur nomic lo investigate both the en- 
t or metal- Development Engineers, LS. to well as the economic 


sneering a 
trong back Ph.D., 25 and up. a) Must know natant 
pref chemical processes, for solution of 


m page 631) 
and ervo tm 
Will be respon 


ing out fundamenta 


aspect of variou engineering re 
earch principles and problems asso 
ciated with a proce industry. e) 
Analysis of various process design 
and control problems with a view of 
development techniques or systems 
to eliminate difficulties during op 
eration particularly those which 
would create potential hazards for a 
manufacturer of petroleum and by 


open. Location, number and type of instrument product Salary. $9.000 to $11,000 a 
necessary for proper control; opti 


ics and/ variou proce control problem 

plan and carry on an analog computer. Background 
in the field of hould be in chemical or process en 
problems as the wineering rather than electronics 

wear of cutting b) With three years experience in 
‘ in metal use of proce control instrument 

of metal removal for analysis of proce control prob 

in electroerosive len particularly to determine the 


year. Employer will negotiate the 
fee. Location, Indiana, C6147 


CLEVELAND OPPORTUNITIES 
IN 
RESEARCH AND DEVELOPMENT RESEARCH METALLURGISTS 


NON-FERROUS METALS 


FOR 
MECHANICAL AND METALLURGICAL ENGINEERS ra diversified, producer of non-fer 


if you have had professional experience and are ready to move into increased responsibil: 
t and opportunities contact us 
BEARING AND FRICTION MATERIALS 
Study phenomena associated with moving surfaces to develop bearings and seals to 
perate im high temperature, corrosive and nuclear environments 
NUCLEAR REACTOR MATERIALS 
Develop materials and tabrication methods for nuclear components such as fuel ele 
nents and control rods 


REFRACTORY MATERIALS 


earch t spand knowledge concerning the manutacture of refractory components for 


tive and aircraft power plant applications with emphasis on high tempera 


metallurgy alloys and on the processing of power plant refractory materials 


rch Center develops new principles and new products for other units of Clevite One-Week Course in 
The Re arch Center provides the ideal environment tor the engineer because it 


aul d with the facilities, equipment and library to provide new knowledge and VACUUM METALLURGY 


sects for Clevite Corporation, a company whose entire product line is in the growth June 10-14 
lectronu semiconductors, and automotive and aircraft power plants at 


WRITE £ A GENTRY OR CALL ULSTER 1.5500 COLLECT New York University 


540 East 105th Street Cleveland 8, Ohio 


PHYSICAL METALLURGISTS 
for 


RESEARCH and DEVELOPMENT 


All Levels of Training, B.S., MS., Ph.D. 
With or Without Several Years’ Experience 


Openings available in successful Research organization of a promi 
nent Mining, Metallurgical and Chemical Company. Established posi 
tion in production of Metals and Pigments in eight states and Canada. 

Expanding developments in Titanium require staff expansion for 
Research and Development in all phases of Physical Metallurgy. 
Good opportunities for permanent career development 

Research Laboratories pleasantly located in small community in 
Lehigh Valley area of Eastern Pennsylvania 

Excellent Equipment, Library Facilities, Recreational Advantages, 
Residences and Schools 

Send confidential educational and experience information to: 


THE NEW JERSEY ZINC COMPANY (OF PA.) 
RESEARCH DEPARTMENT 
PALMERTON, PENNSYLVANIA 


632. JOURNAL OF METALS, MAY 1957 


* 
gist, praduat 
il thi enpines 
ound in physical me 
ipplemente 
or chet ty Wij 
out esearch proj 
metallu ar it 
etullurs or the 
tool liffusion pr 
nd the metallurg 
md elect le 
iar 
Ohio, W4517 
zation 
r\-fer 
men 
ition work nm research probler 
Euce nt rtunity. Modern ta ties 
lary er wate with education 
Many benefit 
and plete resume witt jlary re 
remert 
rer re tor 
entre Researct sboratornes 
P Amer melting and Refining Co 
ith nfield. New Jersey 
Clewit a 
Corporate 
has been 
new prod 
tields of 
this im 
etals tech 
iby Ameri 
ynd jopea expert for 
per with an engineering back 
jyround that i ides metallurgy 
Phas« basic and appled vacuum 
metallurgy to be discussed include 
@ Trou t 
@ Ther ‘ve nd kinet 
@ Induct elting 
@ Furop furr ‘ esigt 
@ Met stior 
@ Powder et "9g product 
Ar te ‘ 
@ Futur 4 met 
The course will feature 
forma j juestior 
penod Printed cop. oll lec 
ture will be listributed t regi 
trant wh may attend single day 
r the entire weer muitory 
7 commodatior ire available 
Fee Full week, $110 yngle day 
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NON-CARBONACEOUS 
CORE COATING THAT PRODUCES 
SMOOTHER FINISHED CASTINGS 


SII AC United States Graphite Com- 


pany'’s complete core coating, requires only the 


addition of water, and produces bright, gold-colored 


coauny with fine, smooth surfaces—using any 


foundry sand 


SII AC is non-carbonaceous and inert; 


will not react with any molten metal, including grey 


iron and steel. Clean to handle, its burnished gold 


color makes cores highly visible—a real help in 


placement of cores in the mold. 


SII AC costs less and gives improved 


casting quality. Resists flaking and completely seals 


core surtaces 


AVAILABLE in 55-gallon drums, (in paste form) 


ready for mixing and diluuion to your desired 


Baume—even to a scale of 32—without settling 


WRITE TODAY for details about SIPAC or any 


other United States Graphite Company core and 


mold coatings. 


8 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 15, MICHIGAN 
GRAPHITAR® carson crapHite © GRAMIX” sinteneo metat PARTS MEXICAN” prooucts USG” 
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can you 
identify 
these tests? 


If you are interested in exceptional career oppor 
tunities, the expanding nuclear power industry 
offers you a creative challenge 
Metallurgists engaged in alloy development 
work are pictured in well-equipped Westinghouse 
Bettis Plant laboratories. They are performing 
tests which involve kinetics and mechanisms of 
corrosion and oxidation, mechanical properties, 
and solid. state transformations. A few other ex 
unples of work, not shown, include x-ray diffrac 
tion analysis, physical chemistry of molten metals, 
phase diagram determination, and irradiation 
effects in metals. These represent some of the 
experiments necessary to develop the materials 
for fuel elements and vessel structure which will 
a Vales ee be used for nuclear reactors and cores. Designed 
alt and developed by Bettis scientists and engineers, 
these reactors will power nuclear submarines and 
urface ships as well as the nation’s first full-scale 
commercial nuclear power station 
We welcome fnquiries from metallurgists who 
are interested in joining outstanding sorentists for 
a career in nuclear power. Please address resumes 
to: Mr. M. J. Downey, Dept. A-157, P.O. Box 


1468, Pittsburgh SO, Pennsylvania 


BETTIS PLANT 
Westinghouse 
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Which 


insulating firebrick 
. best meets your needs ? 


Only Johns-Manville’s insulating brick family offers the right 
combination of properties... for furnace requirements to 3000F! 


J-M's nine different insulating 
firebrick* means you never have to 
settle for a brick that’s nearly right! 
Instead, you choose the one brick 
that best meets your needs 
for such important properties as 


temperature resistance load bearing 


JM 


Johns -Manville 


strength, conductivity and density 
Johns Manville has 


cally located plants for the production 


two strategi 
of insulating brick: Lompoc, Cali 
fornia and Zelienople Penn yivania 
Brick are 


of authorized John 


ivailable from the stocks 
Manville dis 


‘ wh are f 


tributors in key industrial areas 

For complete information, call 
your nearest J-M representative, Or 
write for brochure IN-LI5A to Johns 
Manville, Box 14, New York 16 
New York. In Canada, Port Credit, 
Ontario, 


my 


REFRACTORY AND 
INSULATING REFRACTORY PRODUCTS 
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T OUGH AIME— 
B CJ K Oxydation von Metallen und Metal- THR 


Address Irene K. Sharp, Book 


legierungen, by K. Hauffe, Springer- 


Verlag, Ber Germany, 389 pp Dept. Ten percent discount 
viven whenever possible 
An Introduction Electrostatic ppre $12.00, 1956 This tre 
"re » n the oxidation of metal and al- 
table Constable & Constable ( vidation. the la fication of scale ed compiled by W. H Sullivan 
Lid., London WC2, England, 166 pp nd the outlook on oxidation-resist U.S. Government Printing Office, 
mor ipl pr nt materia It cover general Superintendent of Docume nts, Wash- 
ents a tical review of the hiect he il aspect pitting and diffu ington 25, D. C., 20 pp., $2.00, 1957 
based on the author research. Ba | omena ile formation, the This revised edition of Dr. Sullivan’ 
electrical theor ind the efficiency tion of sulfur and oxygen on speci nuclide chart presents a digest of 
le ! onstruction, and probles of fie etal ind allo ind method up-to-date nuclear data in compre- 
precipitator ire covered. It ' of measuring oxidized layer hensive form. The information = 
tended for the practical n ef Proceedings Connected with the Tes 
hed is cleaning, as well a timonial Presented to Thomas Mes d ‘in oce rated 
vil’. o Of 
Oxygen in Iron and Steel Making, b By Me on Pub ignation for fission product genetic 
1. A. Charles, W. J. B. Chater, and om? Fhe Testimonial Commit relationships for decay, degre e of 
Jf Harrison, Interserence Publisl toe Far P ite Distribution, 19 pp certainty for the data pre ented and 
ers Ine., 250 Fifth Ave., New York 1 e300 —TI cloth-bound edition } presentation of physical data. Ex- 
Y., 309 pp., $6.50, 195¢ A revie planatory material i include d 
of previously published information 61 Fourth Ave.. New York 3, N. Y A Survey of Available Literature on 
neluded th the results of some the Rapid Combustion of Metals in 
inreported trial made by British \ | chure and publicatior list ha Air, by S. Haffner, U. S. Dept. of 
and teclmakit ompanie ecent ied the Metal Commerce, Office of Technical Serv- 
concerned vith the Associatior eoverin new Washington 25, D. C 18 pp 
treat of ter nelud ndard dat ind proceed 0¢, 1956.This report fulfills the 
f ier en fant from 1946 to twofold objective of compiling an 
tier n the pe hearth proc me , publications in annotated bibliography of the source 
the use of « en oin the bessemer powder metallur The order form of experimental techniques, and de 
proce md the eleetric are furnace and list j available fron Metal termining what combination of met 
b leanne nd blast enrichment i ip |’ ler Assn., 130 W. 42nd St., New il ! most uitable for photoflash 
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HANDIMET GRINDER 


A New, Wet Hand Grinder for 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 


attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 


permits complete selectivity of the volume of water. Ample 


drainage facilities with standard pipe fittings are provided 
No. 1470 AB HANDIMET GRINDER, complete $98.00 at the rear. The grinding platforms are pitched down- 
ward and away from the operator. 
No. 1469.5W AB HANDIMET GRINDING PAPER for 1470 Grinder, 
The Handimet Grinding Paper is coated with a pressure 
Grits 240, 320, 400, 600 per 100 $10.00 ; ; . 
sensitive adhesive backing and firmly holds when merely 
No. 1469-1. SW AB HANDIMET GRINDING PAPER assorted 10 each pressed against the flat grinding surface. It is easily re- 
grits 240, 320, 400, 600 $4.50 movable when sheet is worn. 


uchler Xtd. METALLURGICAL APPARATUS 


2120 Greenwood St., Evanston, Illinois, U.S.A. 
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Packaged in cans 
for convenient use 


ELECTROMET 


Hxothermic 


3 alloys to suit 
your specific 
needs 


With these advantages 


e fast solubility 


e high ignition temperature 


e chromium recovery of about 92% 


eno weighing—cans contain exact 
amounts of alloy—just count the 
cans 

e palletized shipment for convenient 

handling 


Kxothermic Ferrochrome 5 


Has a 20 to 1 chromium-to-carbon ratio, 


gives only 0.05% carbon pickup for each 


per cent of chromium added 


Exothermic Ferrochrome 8 


Has a12.5 tol chromium-to-carbon ratio, 


gives a carbon pickup of 0.08 for each 


per cent of chromium added. 


Exothermic Silicon-Chrome 


Has the following analysi Chromium 


$1.50 to 44.50%; Silicon—21.75 to 


24.75°°; Carbon — 0.70° Carbon pickup 


is only 0.016¢¢ for each per cent of chro 


mium added, 


Check ELECTROMET — for experienced 


technical assistance fast deliveri« 


“ae omple te line. 


AL 


TRO METALLURGIE 
COMPANY 
n of 


! n Carbide and Carbon Corporat 


t2nd Street USS New York 17, N 


FERRO-ALLOYS AND METALS 
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Bliss Specifies Ductile Cast Iron Gears for presses used 


to form teel for the auto industry 


uses ductile cast iron for at least 10 other parts 


in top drive presses — 16 in under drive presses. 


Ductile cast Iron gears prove their 
economy in Bliss metal-working presses 


illustrated above, are typical of the 
metal-working 


The pent 
many dtietile cast iron peu 


('o of Canton, Ohio, for heavy 
pore 

ductile iron has provided 
the best combina 


For 30° to LOR” peat 
It vives Bhi 
high strength, good castabilit 


outstanding service 
tion of praperthe 
yood wear resistance and excellent machinability 
\ll this at moderate cost 

year application, 80-60-03 grade ductile 
more than 


thi 
tele it iela trength of 60,000 psi 


s developed in producing 


enoturh to meet the tre ‘ 
to 1000-ton platen load 


| ductileyiron... the cast iron that can be twisted and bent 
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These ductile iron years heat-treated to 208 
Brinell work well with the 8640 (Ni-Cr-Mo) 
pinions, assuring top-notch wear resistance. Bliss 
reports, “not a single ductile iron gear replaced 
ince ductile tron was first specified.” 

Take advantage of the economy of ductile cast 
iron for your equipment. For many applications 
cylinders, pressure vessels, pistons and the like 
ductile iron outperforms conventional materials. 
Cuts production time. Behaves better in the shop. 
Saves time and money. 


For complete information write for “Ductile 
Iron — the Cast Lron that Can Be Bent.” 


The INTERNATIONAL NICKEL COMPANY. Inc. 
67 Wall Street, New York 5, N. Y. 
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U. S. Moves Ahead in Nuclear Power Field 
There will be five and perhaps six nuclear reactors delivering electric 
power in the U. S. before the end of 1957. This includes the boiling 
water reactor which began operation at the Argonne National Lab- 
oratory in February; the pressurized water reactor at Shippingport, 
Pa. with a capacity of 60,000 kw; the sodium reactor and the boiling 
water prototype power plants in California; and the Army Package 
Power Plant at Ft. Belvoir, Va. In addition, the homogeneous reactor 
at Oak Ridge, Tenn. may come into operation this year. By the end 
of 1962 the AEC expects that there will have been completed at least 
18 civilian atomic power plants in the U.S 


Euratom Committee Visits U. S. 


Spurred on by the success of the European Coal and Steel Community 
(ECSC) and Europe’s mounting dependence on imported fuels, a trio 
of European experts visited the U. S. in February to determine the 
feasibility of major nuclear power installations. Although nuclear 
power is not completely economic in the U.S., European nuclear powe1 
stations can readily enter into competition with oil or coal-powered 
stations. Since Continental Western Europe produces only small quan 
tities of natural uranium and no enriched uranium, success of Euratom 
is dependent on a supply of enriched uranium from the U.S. The trio 
was informed that the U.S. was prepared not only to provide fuels to 


Euratom, but also to send some of the necessary technicians 


Euratom and European Common Market Founded 

ROME, ITALY March 25.—The birth certificate of European fed 
eration was signed here today by statesmen of France, West Germany, 
Italy, Belgium, the Netherlands, and Luxembourg. It was in the form 
of two treaties which must be ratified by the parliaments of the six 
countries. One provides for the creation of a European common mat 
ket and the second, Euratom, creates the European atomic community 
This second treaty provides for setting up an atomic energy commis 
sion to be directly responsible to a European assembly. It will co 
ordinate and promote atomic research and investment in nuclear 
power facilities; it has responsibility for supplying the six countries 
with nuclear fuels of all kinds and will actually own all special fissile 
materials. Stringent inspection is to be carried out during all stages 
of processing and use of nuclear materials. Euratom’s power goals are 
for the installation of 3 million kw of nuclear power capacity annually 
from 1963, reaching 15 million kw by 1967 


U. K. Announces Augmented Nuclear Power Program 


A program to provide Britain with 5 million kw of power from nuclear 
installations by 1965 has been announced. It calls for construction of 
16 atomic power stations in addition to the three now under construe 
tion. These three will range in capacity up to 300,000 kw, costing an 
estimated $386 per kw without initial fuel charges. Consideration 1: 
being given to Calder Hall type reactors using slightly enriched fuel 


to cut capital costs 
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PAYLOAD 500 
truck 


ia 
— ° 


PRESSURE VESSEL ON WHEELS 
FEATURES 


“T-1” STEEL CONSTRUCTION 


ges PANKER shown here is an important “first” 

it is the first LPG trailer tank to be built of 
“T-1" Constructional Alloy Steel. Because of 
its vastly superior strength compared to the 
carbon steel (A212) usually used for pressure 
vessels, 1" Steel enabled this “pressure vessel 
on wheels” to carry 500 gallons more payload, 
though the tank weighs nearly a ton less than 
its carbon steel twin, It carries 7,750 gallons at 
a working pressure of 250 psi 

Here is how dead weight was chopped. With 
A-212 steel, the designer's working stress is 
normally 21,250 psi. Case 1204 of the ASME 
Boiler Code permit the designer to go to 
26,650 psi with Steel an increase of about 
23”, in this case. Shell thickness and weipht 
were reduced one-fifth without any sacrifice of 
strength or safety 

USS 1" Steel has, in addition to very high 
yield strength (90,000 psi minimum), excep 
tional toughness down to very low temperatures 


Itis weldable often without preheating or stress 
relieving. Thus it is ideal for pressure vessels, 
tanks, standpipes and penstock 

Welded '4-inch- thick test vessels of this re 
markable steel have survived working stresses 
of as much as 136,000 psi without bursting even 
when chilled to 50) below zero. And where code 
provisions do not apply, many large “TL” 
vessels service today operate at working 
tresses of 46,000 and even 40,000 psi! 


\ 


Investigate the possibilities of USS “Tu1" 
Steel. Send for our new technical booklet on all 
phases of its use. Or calla UNiren States Sreet 
SALES Orrick. United States Steel, Room 2801, 
925 William Penn Place, Pittsburgh 40, Va 


uss Be CONSTRUCTIONAL ALLOY STEEL 


USS" and are registered trademarks 
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USE the Handy Order Form --- 


AIME 29 W 39th St. New York 18. N Y 
Please send me o copv'Deoxidation of Steel 


Enclosed « Check | |, Money Order | | for $ 
(AIME members may be billed ) 


Nome 
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Nenmember Foreign Order, Adé for Mailing 
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ELECTRODE GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. + OFFICES IN PRINCIPAL CITIES 


DIVISION 
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1956 BLAST FURNACE PROCEEDINGS VOL. 15 


The Proceedings of the 1956 Conference of the Blast Furnace, Coke Oven, 
and Kaw Materials Committee, Iron and Steel Division, AIME, can be purchased 
by those unable to attend the Conference held in Cincinnati, April 9-11, 1956. 


Use the convenient order torm below. 
Several volumes of recent Conferences are still in stock, and can also be pur- 


chased. 


These valuable papers were presented at the 1956 Conference: 


Sizing and Sintering of Ores 
Sinter Strand at Jones and Laughlin’s Benson Mines y R Fle 


Company of Canada 


Stee! Company of Woles Limited——Design, Operation, and Effect on Blast 


tron Ore Sintering Plant ge 


Blast Furnace Operations 


with High Beneficiated Burdens 
erates and Their Effect on Coke Rates 


sts 


Penetration with Model Studies Wagstatt 


Desulphurization of Hot Metal 


to Desulphurization in trom and Steel Making 
i un Hot Metal Ladies 


with Injected Calcium Carbide 


Coal and Coke 
and Operaet nm Mitche 


9 
Relationships in me ol ke Ovens 


s Obtained with Three Foot Blast Furnace Using Prepared Ores and Coke Anthracite Miatures 


Research and Development on Sintering 
Ore Sintering Process (JOURNAL OF METALS Award Paper 
ng Factorial Design Experiments 


Rate of Fiue Dust Sinter 
ntrates at Extoca 


AIME 29 W 39th St. New York 18 NY 


t the 1956 Blast Furnace Pro 
Proceedings tor the 


Please send me a copy 
ceedings | also wish to purchase 


following nterences 


Price: $10.00 


tn {fs Check Money Order 
AIME members may be billed 


AIME Members: $ 7.00 


Nome 


Address 


City and Zone Stot 


Nenmember boreten Order, Add We fer Malling 
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a proved G.E. X-Ray product 


to make your products better 


G-E X-ray inspection detects 
trouble before it starts 


This lean and lethal 


sal than 


FORD AIRCRAFT ENGINEERS GIVE J-57 COMPONENTS 
A LIFE-SAVING “LOOK” to assure defect-free welds Stam 
less steel O94-inch welds on diffuser cases al about 
10 feet long must be 100 sound Operator prepares 


second while Geet case moves into cabinet 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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weak welds on its turbo-yet omponents No excess bulk 
to hamper speed. G-E x-ray spots troubles betore they start 4 | 
In addition, the semi-automati OX Oat bord Aircraft 3 q 
Engine Division plant in Chicago does the work of four ‘ wi yj be 
onventional units Spec 1s inspection while it cuts down 
, 
Whatever your own production “mission from light 
toa or it rie 14S apparatus 
to meet your needs. Call your local representative. Or write - 
X-Ray D partment General Electric Cor pany Milwaukee -* 
1, Wisconsin for Pub. AY 54 
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. 
Some that you know of —- the cost of handling, the space 


it requires, and the melting loss you’ve already figured on. 


But it’s the unknowns — like the possible contamination 
of a heat that can really hurt that too often make this 


source of alloy metal a poor bargain at best. 


Contact us today find out why so many producers 

find it actually pays to buy Alloymet nickel base pig and 
shot* at a premium of approximately 5% over 

the cost of nickel serap. 


*Alloymet available in a complete range of ni kel 


chrome, nickel tron and nickel copper analyses. 


COMPANY ALLOY METAL DIVISION 
PHONE 6-2561 @ TELETYPE DV 588 1701 ROCKINGHAM ROAD 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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Utica technician viewing a meltdown of Udimet 500-—a new vacuum melted alloy in the high temperature field 


birth of a superalloy 


VACUUM MELTING 
Vacuum melted alloys, as developed 


by the Utica Metals Division of Kelsey-Hayes, 


provide extreme cleanliness; maximum 


provides these properties 


chemical uniformity. They are superalloys, developed 
e Increased ductility 
to withstand stresses and temperatures 
e cleanliness 

generated at supersonic speeds. © Precise chemical control 
e Longer tre rupture life 
ltiea, backed by the full resources and combined © Increased tensile strength 
facilities of the Aviation Divisions of Kelsey-Hayes, o etter fatigue resistance 
e Crreater yteld strength 

is better equipped than ever before 


e (sreater impact resistance 


to serve the military, aviation and other industries e Greater creep properti 


UTICA METALS KELSEY-HAYES 


UTICA OROP FORGE 4 root DIiviSton HAYES UTICA 4 NEW YORK 
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Typical precision castings which Austenal, Inc., Microcast Division, plans to produce 


with new Stokes Model 437-520 vacuum furnaces. 


ca 
» 


Here’s a Really New 


Vacuum Furnace 


for “all-out” production of precision castings 


Stokes precision casting furnaces—capable of melting and pouring 
single casts of up to 30 pounds, under vacuums as low as | micron or 
less—are custom-designed and engineered to incorporate many operat 
ing features specially requested by precision casters. Units are in 
operation with charging and mold locks for semi-continuous production 


This low-cost “package” unit: 


® pours smoothly... has a manually-operated tilting mechanism that 


operates easily 


@® has good visibility operator watches pour closely through 3-inch 
diameter shuttered sight glass 


@ is easily operated efficiently grouped controls cut Operator's 
movements. Popular tandem units are operated by one man 


can be set up for repetitive pre-determined melting and pouring 
cycles interlocked, fail-safe controls permit operation by a 
normally skilled workman 


3 provides accurate control over pouring temperatures regularity 
of heat cycles cuts gage-watching time 


takes up little floor space .. . measures 6°10" wide, deep 


Others are taking advantage of Stokes advanced vacuum furnace 
technology in induction and are melting, heat-treating and sintering 
Isn't it time for you to contact Stokes for a discussion of your own 
profit-making opportunities ? 


Vacuum Equipment Division 


F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa = 
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Ever since the beginning of the 
development of mechanical power, 
the heart of power producing 
machinery has been forgings. 

The latest development in the 
field of mechanical power is the 
aircraft turbo-jet engine. Here 
again, the important highly stressed 
components the turbine wheels 
and the compressor discs — are 
forgings and here also more of 
these forgings are produced by 


NDABLE FORGINGS — 


Wyman-Gordon than by any other 
company. 

Entirely new problems, mechani- 
cal and metallurgical, are involved 
in the production of these vital parts 
— problems which require the max- 
imum in experience, know-how and 
research facilities. Wyman-Gordon 
excels in all of these areas and 
continues today as for nearly 75 
years in the forefront of new forg- 
ing developments. 


Seen through the porthole of this compressor disc is the finished 
forging — an example of the ultimate in quality and precision. 


50 


WYMAN-GORDON COMPANY 


Established 1883 


MAGNESIUM @ STEEL @ 
MASSACHUSETTS 
DETROIT, 


FORGINGS OF TITANIUM 


ALUMINUM @ 
WORCESTER 1, 
HLLINOTS 


HARVEY, MICHIGAN 
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EDITORIAL 


Institute of Metals Division 


Announces Programming Changes 


The brief abstract that 


used in the compilation 


on the Fall Meetin 


Cominittes 
pauper will be 
tracts of papel 


choose to 


tule ib 
HORT in and put the wuthor ubmit an en 
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hould ul in hh 
new procedure, uuthot 


s00-word abstracts in 


tion function 


xkperiment, publicautior 


tution of 


pre ti 
a pape 


la pre 
IMD Programs Committes 
Metallurgical Society of AIME 
29 West 39th Street 
New York 18 N Y 
hould not 
diagram 
consider: 


ubmitted 
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Rigidity! At equal weight, magnesium is 18 times stiffer than steel 


ium bar of rigidity to an aluminum 
iomuch as the alumi bar. At 
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DOW CHEMICAL COomPANY, Midland, Michigan 
Department MA 1402P 


YOU CAN DEPEND ON 
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Know Your 


Metallurgical Society of AIME 


Otticers e@ Directors e Committees Bylaws Organization 


Ss John C. Kinnear, Jr. 


President 


JOUN C. KINNEAR, first 
President of The Metallurgical 
Society AIME, is General Mian 
aver, Nevada Mines Div., Ken 
necott Copper Corp MeGill 
\ true Nevadan, Mr. Kinnear 
was born in McGill on Nov. 2 
1914, and attended MeGill pub 
lic schools and White Pine 
County High School in’ Ely 
Nev After vraduation trom 
Pomona College, Claremont 
Calif., with a B.A. degree, he at 
tended Massachusetts 
of Technology, receiving a B.S. in metallurgy in 1938. During his school 
years and while attending Pomona College, Mr. Kinnear participated in 
athletics, an interest he still maintains. His association with AIME began 
during his years at MIT as a Student Associate 
Initially employed by Nevada Consolidated Copper Corp. during 
his summer vacations, Mr. Kinnears main professional association lias 
been with Kennecott Copper Corp., working as dairy laborer, smelter la 
borer, rodman in the construction department, and power plant helper 
before graduating from school. His permanent association with the com 
pany began in 1935 at the McGill Smelter. Transferring to the Chino Mines 
Div., Hurley, No in 1939) Mr. Kinnear, as smelter engineer, had the 
opportunity to be present at the initiation of the Hurley smelter—the hlou 
ing inor start of operations—on May 2, 1939. He became assistant superin 
tendent of the smelter in 1942. Promoted to assistant to the general manager 
Mr. Kinnear returned to MeGill, Nev., in 1945, and became assistant general 
manager, Nevada Mines Diy.,in 1949. He assumed his present duties as gen 
eral manager in 1950 
Interested in AIME since his student days at MIT, Mr. Kinnear has 
heen active both on the Local Section and National levels. He has served a 
chairman of the Nevada Section and as chairman of the papers and pro 
vram committee of the Extractive Metallurgy Div. Betore his election a 
the first president of the newly organized Metallurgical Society of AIMI 
Mr. Kinnear was chairman of EMD. His professional and civic interests ar 
of broad scope: in addition to AIME he is a member of the Mining and 
Metallurgical Society of America; has acted on the board of governors, West 
ern Div... American Mining Congress: and is a member of the executive com 
mittee of the Nevada Mine Opn rators Assn 
Mr. Kinnear married the former Helen Poor of Peabody, Mass., in 1939 
ind they have three children: Marcia, Sheila, and John Charles Kinnear, IH 
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Arthur W. Thornton 
ast-President 
Arthur W. Thorntor i tant to the vice president-operatiorn 
vational Tube D U.S. Steel Corp., Pittsburg} pust-president 
the Metallu cu soc et of AIME 1s chairmat!l the Metal 
Branch Council during the year 1956-1957, he took a leading part 
n the o i! ition of the new Societ His effort levelopin 
ind correcting the Metallu cal Societ B iv NOTE ‘ 
ponsible for their present status; he detected some of their struc 
tural flaws and aided in the solution of drafting problem A 
former chairman of ISD, Mr. Thornton has served on the executive 
committee of the NOHC and on the AIME Bessemer Committee 
(now the AIME Converter Stee] Committee). A native of McKee 
Lehigh University in 1931 with a degree in metallurgical engineeri He 
o., W. Va., before joining the metallurgical department of the Duquesne 
has been with the National Tube Div. a iccessively, steel works metal 
imth, besseme and blast furnace department and assistant general 
post in 1954. Mr. Thornton engages in much traveling in connection with 
ix in the warm waters of Florida and to pursue his favorite hobby, color 
Donald L. Clark Harold Emerick 
Director Director 
Donald L. Clark, melting superinten Harold B. Emerick, a director of 
at lmonds Sav ind Steel Co the Metallurgical Society tudied 
Lockport, N. Y., has bee elected to metallurgy at Carnegie Institute of 
the Board of Directors of the Metal rechnology Pittsburgh He jomned 
lurgica ty \ vpraduate of Jone & Laughlin Steel Corp in 1945 
Michigan Collepe f Mining and at it Aliquippa, Pa Work Diy 
Pechnology in Tloughton, he earned After working as a met irgical in 
" iste! depree and one as a met vestigator and supervisor of the ten 
illurgical engineer there in 1933 vorks metallurgical divi n, he wa 
Upor completion f | vraduat« ippointed a tant chief etallul 
tudie rhe Crucil Steel Co yist Alig iippa Work Hh ne ta 
of America, Leavu position in ignment in 1951 brought } to the 
1938, he became a member of the headquarters (Pittsburgl technical 
tall f Simond since 1941, he ha tallasa tant to the vice president 
been act el i ciated with AIME tecnnolos In 1953, he became il 
erving on the first board of director issistant director in the technica 
f the Niagara Frontier Section, o1 ervice division, advancing t aires 
nized in 1954, and as chairman of tor in 1955. An active participant ir 
the Electric Furnace Steel Confer AIME affau Mr. Emerick cul 
ence Committee in 1956 ith most rently erving as chau i of ISD 
recent affilation in AIME has been His literary virtuosity has been a 
vith ISD Electric Furnace Steel interesting sidelight to Mr. Emerick 
Conference erving as Chairman of career, Author or co-author of son 
thre it it et He 15 publi hed irticie Va it 
iffillated with the Electric Metal ipient of the Frank B. MecKune 
Make (,ulld, actir is pre lent Memorial Award of AIME tr 1942 
t) ruanization for the 1950-51 ind co-edited a book on open hearth 
te i i u ember of the \mer teelmaking Basu Open Hearth 
in Society for Metal Steelmaking, published by AIME 


¢ 
’ 
ew 
Dy 
port. Pa M Phorntor 
‘i 
a. 
> 
lurndamenta earch 
i director of the Metallu 
et \ rative Washing 
‘ out oul bie 
ee from Lel h Uni 
ndal l ny 
Yale Us orsit i 
ed te it Kea 
i ! eu ‘ 
the ed Rese 
it cont ied 
th ed 1 
1944. to the positic ad 
eat tthe bial il 
t ‘ it lle w 
f AIM} co L944, 
portant nit il 
thy 
pra 
! tend } 
il 
tis if \ 
in iMod 


Ame 


Walter R. Hibbard, Jr. 


organization in Schenectady 


T. D. Jones 
Director 


John D. Sullivan 
Director 


Vice President 


author 


tandards in 


John D. Sullivan, a director of the r. D. Jone a native of Wale 
Metallurgical Society l a technical W ise vraduated tron thre Univer 
director, Battelle Memorial Institute tv of Wisconsin, Madisor vith a 
Columbu Educated at the bachelor aepree in metallure. i 
i ‘ tie of Montana and Wash 1922 He received his professional 
ngton, he is with the U.S. Bureau degree of metallurgical engineer u 
of Mine pri to joining Jattelle in 1929 also fron the Universit ofl 
1931 forme chairman of the Wisconsin ince praduation§ fron 
Douglas Award Committee, Mr. Sul college, he ha erved with one com 
van has been an active member of pany American Smelting and Re 
\IME nee 1930. He w one of the fining Co., beginning his associatior 
founde f the Extractive Metallur vith the organization in August 192 
Division, acting as its first chair it the Omaha, Neb., plant. His cares 
man from 1948 to 1950. He has beer vith the company has been conti 
i member of the Executive Commit ious, and at present, Mr. Jones fill 
tee and Publications Committee of the position of chief lead refines 
EMD since it neeptior He also ha netallurgist A ember of AIME 
erved on the Executive Committe nee 1931, he has for many year 
of both IMD and IndMD. Besides the played a major role in the Extractive 
mportant role he pla n AIME, M1 Metallurgy Division, and was cha 
ill n includes the American Ce man in 1952. He has also served or 
i! Societ ASTM, The Electro the EMD Executive Committee, the 
che ical ociet the Farada Soc ie ill-Institute Ad or Committe 
The Che ( Society of Londor and the Nationa teering Commit 
the Geochemical Society of America tee. The new director was one of 
ind the British Ceramic Societ pro ent jute f the College 
imMor fe onal affiliation f it the ersity of 
He ha put ned ove 100 article Wisco ! Vardet citatior last 
nm tre rea f metaliur cnery tr ut Tol tingu ned neer 


and Wa 


umed 


Walter R. Hibbard, Manage of Alloy Studies at the General Elec 

tric Research Laboratory, Schenectady, is serving as vice president 

if the Metallurgical Society for 1957. In addition to this new post 

he will act as chairman of IMD for 1957. Dr. Hibbard, a native of 
Bridgeport, Con: raduated from Wesleyan University in 1939 

with a degree n physical chemistry, and received a doctorate i 
physical metallurgy from Yale University in 1942. After three 

years with the metallurgical section of the Sureau of Ship USN 

he returned to Yale as an assistant professor, later becoming an 
associate professor. He is presently an adjunct professor of metal 
lurgical engineering at Rensselaer Polytechnic Institute. Dr. Hib 

bard joined the staff of General Electric’s Research Laboratory in 1951 
of the Materials and Processes Section the following year. In 1953 he a 
active in IMD since 1942, servin iccessively on the Programs Committee 
mittee, the Publications Committee, and the Executive Committee. An 
field of physical metallurgy, he has constantly endeavored to assure high 
tions. A 1950 recipient of the AIME Rossiter W. Raymond award, he | 


of Defense 


appointed a tant manager 

his present post. He has beer 
the Mathewson Gold Metal Com 
of more than 60 papers in the 


AIME technical publica 


the Boy oft 


ve member of Scout 


Herbert H. Kellogg 


Director 


Herbert H. Kellopy Professor of 
Mineral Engineering, Columbia Uni 
versit School of Mine i i native 
New Yorke! \ffer receiving hi 
tS. and MS. degrees from Colun 
bia, he joined Pennsylvania State 
College instructor of mineral 
preparation, later becoming assistant 
professor In 1946 he returned to 
Columbia to teach extractive metal 
lury Professor Kellogg has beer 
i member of AIME nee 1940 nad 
wtive in the affairs of the EMD since 
1 formation in 1950 He fathered 
the Committee on Physical Chemi 
of Extractive Metallurgy and 
i 1 chairman tron 1950-1952 A 
former chairman of the Papers and 
Progran Cor nittee and the 
trolytic Extractive Processe Con 
mittee, he has been serving as chair 
in of the EMD Technical Publica 
tion and wil 
harman of EMD for next year. Au 
thor of numerous technical article 


re na Deer intimatels concerned 
th the titanium indust: hi 

ippointment as chairman of the 7 

tanium Advisor Committee, Office 


1954 


Mobilization, in 
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C. S. Smith C. T. Marshall E. E. Schumacher 
Director Director Director 


“arle E. Schumacher is qualified for 
he Metallurgical Societ the office of director by many year 
chairman of the AIME of service both to AIME of which he 

Coke Oven, and Rav a past director, and to the Insti 
ommittee, former! ery tute of Metals Division, to which he 
an of its Finance and contributed much as chairman. Au- 
Committes in many technical paper he 
ittended the Unive deliv Annual Lecture of 
Virginia, receiving a B.S \ d in the 
in 1950. After two year Autumn Lecture 
the U Art i ! titute of Metal torn in 
Worl A ich Dr. Schumacher 
at the Univ 
1918 he joined the 
of the Wester 
which were later in 
wi corporated into the 1] Telephone 
iboratori He has been with the 


tant p L, 
Bell System for the past 39 year 


rd, becon ny i l 
president id w instrumental in the organi 
ear he a ion of the metallurgical research 
ition of general department, of which he is director 
and Iron \ H major contribution lie in hi 
additional dutic mean arly recognition of the vital role 
vice president-operatior netallurgy would and does play 
ubsidiary Neville Ferro e ever expanding technology 
Also director of Kerchne: communication a view which in 
he lists arn rh 1956 earned him the honorary degree 
AISI, and the of D.Eng. from the South Dakota 
Steel Engineer School of Mines and Metallurgy 


Standing Committees of the Metallurgical Society 


Publications Committee 


J 5 SMART 


Chairman 


ommittes 

view iuthorit 
the AIME Technic: 
The Com 
the pul 
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~ 
{ taniey Smitl i native of ( | 
nd, rece ed} Se. from the ect 
tty ‘ of Birminghat n 1924 ha 
fre Massachusetts It 
’ titute of Technolog After a brief Mat 
pe 1 rene h associate for MIT ng 
‘ ried the Ymerican Bra Mer 
the | porte of allo ibroad it 
bu World War If, Dr Smith ree 
‘ ed ene } Ipervise on the vit 
fational Defense Research Commit 
md the War Metallurs Con 
ttee, National Research Council, 
! ‘ the metallurg 
rk on f ible materia for al 
© bom t La Alamo ‘ pro 
tific Laboratos Manhattan D not 
trict. In 1946, he went to the Univer mt to the : 
t of Chica is profe or of met 7 1954 
j inde ypuidance the tained hi 
titute for the tudy of Metal via manager 
tablished. of which he the first issuming 
ector Mi i member of i 
overnment ad ory panel for the 
4 wdingt the LEC and Material Alloy Co 
j the Tlunt ind and the Mathew fessor 
(jold Medal of AIMI issn. of lh 
Standing ( tres hall be appointed by the Pre 
ue to cone hy the board of Director 
ar eac a meet frie hoa lrticle VI! 
Section 
The Bylaws provide for eight Standing Committees of the new Metal 
; ingical Society. Given below and on the following page nformation 
on cach Committee and its members with pertinent quotation from the 
the publieatu the So« Jr., Battelle Memon Institute; J. H 
ety nd si } e the duty of Hollomor General Electra Co 
prep g nd? nta ng H. H. Kellog Columbia Universit 
cat budget Article P. T. Stroup, Aluminum Co. of 
Vil, Section ¢ \merica 
af thn Cas The Publicat 
tte ire irt. J Amer! etain nina re 
n Smeltyu Refinir ‘or Chair merly held by 
an; J. B. Austin, Steel Corp Publications 
John i M mhusett Inst Vil al 
The Publication ( mittee tute of Technol Gerha ‘ leatior polien the 
} ote ‘ hlicat Carnegir Institute of Technolog that the journals published will best 
policie f the Society, sl 1. Dickinson, Americar elting eet the needs of the membershiy 
‘ f ecept Refining Ce G. R. Fitters Uni at the ime time be financial 
k ect ye to be pul hed ersity of Pittsburgh: W. J. Harri feasible 
>, 


R. SCHUHMANN., JR 


Chairman 


C. M. SQUARCY 
Chairman 


The Education Com ttee 
ae ‘ prograt fo p 


tandard the educatior 


high 


of metallurgists and 


gical 


Section 


qgineer 


Members of the Education Con 
mittee are: R. Schuhmann, Jr., Pur 
due University Chairman E S 


Machlin, Columbia Universit W 
Philbrook Cc 
Technolo \ 
ity of Michigan; T. A 
llinos A 


hool of 


lor, Arn 


tead, Univer 
Schlechter 
Tay 


W 
Mine 


co Steel Co 


The Education Committee has the 
mediate task of formulating a pre 
ra that can be integrated vith 
the objective of the AIME Coun: 
n Education, and al with the edu 
cation committees of EMD and IMD 
The Education Committee intends t 
elop tandarada for educatior in 

the field of metallurgy 


A. W. THORNTON 


Chairman 


The Nominating Committee 
hall elect a The nominee 
for Vice Pre dent (President 
Fleet if the Socvety 
} , rd year frie nominee 


Pre dent-Elect of AIME 
Director of AIME for a 
fires jear d Nomunes 
for Director of LIME to fill 


nexrp red term on the Board 
of Director (Article VIII 
Sect on 
Members of the Nominating Con 
nittee ar A. W. Thornton, U 
Steel Cory man. ¢ S sarrett 


John Chip 
i! Massachusett Instit 


ite of 


Pechnol Morri Cohen Ma i 
r. D. Jone American Smelting & 
Refining Co.; C. C. Lor St. Josep! 
Lead Co.; R. R. McNaughton, Con 


olidated Mining & Smelting Co. of 


H. Seaff, Bell Tele 


phone ( T. S. Washburn 


} espe hie te co ad 
fior f membershy ict 
fre irticle VII, Sect nm 4 
Mem be the M p 
ttee are ( M. Squar« Inlan 
Ste« ( Chairma R Cole 
Vitro Urar im ¢ ry Keele 


Interr n i 
The Members} p Ce ! wil 
have the esponsibilit f coordinat 
ng the activities of the membership 
of the three n 
ind to rk out progran jorntl 
ith the other crete through tl 


Mer Commiuttes 


natior il 


Committee on the 
Metallurgical Profession 


bers} Ip 


MORRIS COHEN 


Chairman 
The Committee on the Met 
irgical Profe ” ha pro 
mote high st ird the 
prove or oft metallurgqu and 
metallurgical engines gq, and 


a 
operate with organizations hat 
ir objective (Article 
Vil, Section 10 
(Cha of the Committee on the 
Metallurgical " Morr) 
ohen Ma ichusett Institute 0 
Tect olo Balance of Coon 
ittee has not yet beet ppointed 
i if i ‘ i 
et function and has not herite 
prere if ‘ fre 1) or 
It thie ntention f thi 
mitten te e barrier il 
vor other committer 
fhie hoard 


Admissions Committee 


H K WORK 


Chairman 
Committee 
j ne for ‘ 
‘ gq the cat of 
cand y ermbe p ind 


Nickel 


Member of the Ad: lon 
ittee are: H. K. Work, New Y 
Universit Chairmar France 


International Nickel Co.; T 
Jone Americat 


Com 


Smelting & Refining 


( E. S. Machlin, Columbia Univer 

it J. H. Seaff, Bell Tele phone Co 
Paul Von Stein, U. S. Metals Refin 
kler Jethlehen 


of 


ing for n 
\IME 


ipply 


Programs Committee 


W J HARRIS, JR 


Chairman 


‘ The 


coord nate 


hall 


and 


Programs Comomittec 


plan 


program 


th 


iit 


ittes« Wi 


individ 


provide for wh vw nt program 

among the diptiston al are 

deemed ad able. (Article VII 

Sect 

Members of the Programs Comn 
tent ire W. J. Harri Jt Battelle 


Memorial In hairman, J 


Elliott, Inland 


tittle ( 


Jy ericanh Metal Co Ltd Ray 
smith, Franklin Institute 
The Programs Committee will 


leavor to for ird these mirmmediate 
biect ‘ ] i" elop iti oy 

program poli for the Metallurgical 
Societ yA establish all) technical 


Metallurgical 
ina 
program for pre 
AIME Annual Meeting 


ill D or of the Socret 


orpunize 


entation at 


Finance Committee 


T K GRAHAM 


Chairman 


Committee hall 


The 


Finance 


prepare the annual budget, and 
eramiome, plan for, and submit 
rime dat conceTning 


condition and wel 
Society id 
the Hoard 
irticle VII. Section 4.) 


for con 


of 


‘ fion of 


nance Comn 


elti Refiniu (‘ao 


General 


ttee will eve 
eur re ‘ the financial need 
the ociet nd ill recommend 


fdition t tash 
of 
finance 


Societ 
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Steel Co.. A. E. L 


en 


iit 


International 


iv 


Steel Corp 


erall 


Saocrery 
one 
thie 


to cove! 


ry 
of 


providing 


pecia 


Education Committee Membership Committee a 
4a 
Steel Co 
1! p te The Admissions Commi! 
te examine the credentials 
and metallur- Metallu 
| 
O 
Nominating Committee oy 
v4 
7 
Pe 
the 
tee are: T. K. Graham, 
‘ 
Steel Cr 
The Nominatir Cormmittes ha pres the ‘ f recom hudget \ ill 
trie responsibdi t' of electing met! mended ¢ ficlate gh the tud ‘ 
f caliber for officers of the Meta Society. AIME, to the Board of 1 working ie 
irgical Society and for positions or Directors of AIME for approva projects that the me ee  :: s 
the AIME Board of Director (Article VII, Section 11 vish to initiate ee 


ylaws of the 


Metallurgical Society of AIME 


Article | Section 4. Twenty-five 
| } ri n h the Society hall constitute 
Name and Obj 


a quorum 
iall ‘ } tr 
Section 1. of th i! 


ansaction of busine at a 
ular constituted 


Article V 
Article Ill 


Officers 
Section 1. The officers of 
hall con if President, ‘ 


ident, Pa dent. and Secretary 


Funds 
Section 


Vik 


Section 2. The Vice President shall 
be the President-Elect, and hall 
sutomatically ucceed to the office if 
idditior President at the end 

LIME ard \ President 


f Direet 


Section 


Section 
hall cor 


d. Secretar 
e. Three repre 
1 Dis n, one 
Section 4, OF the oe Division 
hall hat he not be erving 
ipproval of the Board o President, President 
of ! President of the Society 


Section 4. The Secretar) asure! 


hall be appointed by ird oft 
Directors for a tert ir at 
consistent 


respon 
bilitve ubject to approval 


Article IV the of of 


Meetings Section 5. The Society hall be rep 
Section 1. The Societ resented ‘ of Director 


mse tiene nd place | > of AIME by seven Directors as fo 


ial Meeting \IME 


a. One member of the Societys 
vho will be currently serving 


resident-Elect President 


a 
Past-President of the Institute 
b ast-President of the Societ 
dent of the Society 
d. Vice President of 
e. Three Directo 
three-year tern 
“ction I ‘ ‘ the 
den re 
Elect of th 


Article ll 
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Inst its ‘ Metallurgical 
Petrole Ir hal 
be knoyv The Meta j ‘ ‘ 
ety of IMI 
‘ » Society 
Section he object of tl ‘ at 
diture of fund Pre 
cote thye id] i! ent at 
received | the Society shall be u 
‘ conformit rule established Tre 
ome « the rmoetollur pre 
ma ‘ pe if 
pl of theoret il and applied 
practicn earnir ‘ to the ipprova of the Hoard of 3. The Board of Director 
the © primaril concerned Direct of AIMF ist of the followings 
Section 3 The Board of Directo a. President 
econo ‘ ‘ nel af hye 
(heth mroduct hall authorize the disbursement of b. Vice President 
fund te re lf ‘ wl Past-Pre 
nal cor Thy ret 
il if i The pra pou 
tlarl thie inderstandiu ana 
knowledge of eta behavior n shall 
the manufact tiem fos rovided 
i i cet 
extract refinir ind 
) 
tiy netul the eloy ist 
? ent and application of etal 
i 
is to assure a balanced budget a —“CStsSCSC‘(SSCiésS 
b. fit im oreu ition letermined by AIME. bo kkeeping 
epresent the metallus ind practice 
etallus eal or neer on mat 
fey pertainuy to education ma 
il ‘ md advance edu 
tron in the broad tield of met 
illurgieal screnee and er heer 
‘ er of metutlus 
enl mive the } adit of rit 
profs onal meoetu ind 
Se 
' 
echoes ! ritur to AIME head by order of the Board of Director nail be represented f an 
artes Mi bis of the routine busine mat idditional Direct: tr fill he 
ed terry 
vill receive the transacted wl not inconsistent inexpired te 
of the is part itor th these Bylaw r with the Cor Fach eal two of the Societ 
mi il tine rece ed Onl titut ‘ iv of the AIME representative on the AIME Board 


Section 6. The 
the representatiy 
on the AIME 
hall be nomi 
provided 


here: 


Sec ana 


Section 


appointn ent by the 


bes 


designated 


AIME ind hi 


rie ear eact 


tern Vacancie 


Article VI 


Divisions 


et ubject to 


Section 1. The 
of Division a established 
sjoard of Director ina j 
omprise Extractive Metajlur 
titute of Metals, and Iron ane 

nember of the Metal 


| 
na belons Oe 


societ 


dent-Elect and 

! thi Society 
of Director 
id elected a 
Article VIII, 


ni ni 

Headquarte 

Section 2. 
verned b 


ve 


appro 


+} 


Section 


Section 
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Dire 


lefined 
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Article Vil 


Committees 
tandinyg 
ippointed b 


onfirmation 


Committe 
President 
the Board 
iual meet 

il “ap 

in each 


of year 


be con ple ted 


upper 
to conf! 


ctor 
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y the 


wt ion by 


may 

Board of 
desirable 
Committers 
President 

the Board 
‘ommittes 


cle: 


METALS G 


THE METALLURGICAL SOCIETY OF AIME i 
FFICERS AND BOARD OF DIRECTOR 
FINANCE 
INSTITUTE F METALS RON AN TEE FReTRACTIVE META ROY 
DIVISION VISION VISION 
ve MMIT TES J +f 
A 
- 
aN , A 
of Director hall be a the annual busine eetin of 
Vice Presidents of | \IME 
| 
erve for terms Of co 
hall be filled by — hall be = 
President of the Soc cor ibject lo 
pproval by the Society Board of thu of Director it each ta 
Director tial ing of the Board. In = 
y Ty pointment hall be mi 
re 
i Steel case for a specific term 
cal So. that not all terms shal 
D the Society by expre 2. Special Com: 
re ou iting to AIME be mmlablished by the 
Directors as neces iy 
7. The te: of office for Each D on hall M , 
officer hall be one ear, for other its own officers and ex hall rs Sh can 
members on the cit Board of ecut) ind shall oper ibjom 
Director eal ind for Societ ite under its own iV Bylayv ot! specal | 
representative m the AIME Board the Division Executive Committe hall be held to a minin ses 
of Directors, three year All ter: hall be ibject to by the ber, their dutie hall be 
of office shall start at the close of Board of Directors of the Societ Ge hall be dismissed ieee 
| 


t ! the position designated 
hal published in the Ox 
elected thre publication(s) of 


Section 3 
dent 


Section 10 ynmittee on 


Mi Section 3 If addition: jomination 


not received by Aus 15, the 
ident of the Society hall de 
the Nominating Committee 
es to be elected. If additional! 
are received a letter 
) ig all nomin for the 
itions designated shall be sent on 
about October 1 to all member 
Section 11. The y , f the Society in the United State 
lew or if rman i mada ind Me The ballot 


Section 


ident and two ial be returned vitl $0 day 

em of the Division r they are mailed Phe incum 

The Committees hall bent President shall appoint a Tally 

ving the qual Committee to count the ballot and 

rv membet the nominees receiving the plurality 

ritus the of f ballot for each position hall 
candidat rough then be declared by the I 
AIME. to the Board Directors to have been elects 


LIME for approval Section 4. — im any office 


Article Vill the Society rring for any reason 
other than the expiration of term of 
Nominations and Elections election shall be filled by the Pre 
Section Ll. The j ‘ommi dent subject to approval | the 
of the Board of Director 


Article IX 
iutomatically be 


ember of AIME Amendments 
Directors for a three Section 1. Proposals to amend these 
Bylaw hall be made in writing to 
y the nomi the Board of Directors of the Society 
! ident ble ct of and igned by at least ten men ber 
Section 5. 1} rial ol ily erve These hall be considered by the 
term on the AIME Board of Directors and announced to 
Director ucee vely the members through the columns of 
ident-Ele« President the publication ) of the Societys 
President gether with any comment 
One nominee to ment by the 
f AIME for a three-ye: rectors thereon. Proposals to amend 
the Sylaw may also be made by 
fon Director the joard of Director The hall 
nred tern be voted on at the Annual Meeting 
ther meeting ) he Board, o1 
by letter ballot, a av be directed 
joard f Director \ ma 
those voting |! nece ary t 


Section 6 


ike the amendment. No proposal 

hall be ubmitted to member for 

; voting that is inconsistent with the 
y ‘onstitution and Bylaws of AIME 

ard of Director 

i Board of Director Section 2. ylaw ind amendment 

President of the thereto li be ibject to th ap 

ear tern Board of Director af 

elected Vi 

ty should Section 3. Proposal! 
the Pre ) ision 
Board of Du 


n writing and signe 


Section 7 


mber Such prop 
weceptable trie SJoard 
Section 2 ! oer or withdrawn within 30 
Section & ‘ cation phies of nor ‘ uD be published 
! ballot in the folle 
rety ournal 
ible by 
society h propo il 
I or ¢ I membershi 
pecified u Article baliot i 
vithin 120 d 


ition hal ubmiut 
Section } r than A i 15 of each 
idditional 
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i report j accepted fror each Div ior elects 
+} . 
4 ‘ ‘ 
b. Pre ims Committe 
«. Put tions Committe 
ad. p ¢ thee 
e. Edu ti Cor fare 
ttee on the Metallurg: 
il ‘ ‘ 
h. Ad ns Committee 
point sats thee il) Meeting 
IMF. a i Ce thee cor 
three it ‘ ber pointed by t 
Phe Fina Committee hall pre 
pure Une nnual budpet exan of the Societ 
‘ plan 1! ind ibmit recor be responsible f 
endation eoncernul the financia heaton of ca 
ondition and welfare of the Soci hip and = pre 
et on leration of the Hoard ecommended 
ote but hall attend 
! the Cor 
equest ma ict 
tutement ind info ition as the 
i} bill ccount lau 
mat the a. The nor ‘ 
ne publication policu of the oles 
‘ et hall have authorit ti rhe Nomis 
opt eject papers to be published 
othe ition of the ‘ ot the \IME 
nave the Gut preparil for 
na anita pul stior bud \ 
Institute for « 
Membership Commit & preven 
ten hall t f a Chairman ay tne 
nted thy bre ent ind the inavailable 
Chin of the Dis ne Member thie t = 
als, unle 
f Director 
lay hall 
ind i 
ue of the 
deemed 
Director 
brnitted t 
m of i let 
iblicatior 
rece pt 
The yworityv of vote cast by the 
hall determine that it adopted 
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L Ind Board 
(NICK) decided to cancel it re ia kal mn to hold 
the fifth Atomic Energy In Ind try Conference concurrentl vill Re 
trie cleat ngoimmeering and Science 0 ‘ ‘ rou i 
he 1957 N ir Eng } ( f Chis | ht 
the clement of manavement into a oup Which already numbered a 
the leadu cientists and engineers, as well as the of the 
lust wing held of atomic en The entrance of the wa 
i of to the men who have ‘ ked to make the 
Nuclear Congre a common ound for all who have an 
tu leat ‘ 
Interest in! ca 
‘ 
The development of this Congre fron nm 154 
to the meetin n Philadelphia's Convention Hall in March of th a 
ea represent omethit of a milestone ! nlersociet coopera 
‘ 
tion tis a tribute to the people who bre 
rst meetin Vil im ¢ t tive fin 
tion with the nuclea roup of the AICHE, in Ann Arbor, Mich., in oe 
June of 1954. Leaders of the various societies re ed at this time ea 
that this new parameter in engineern nd screntifie thought wa ae 
omethil that pe aded all branche rent md me one 
ociety could, or should, claim exclu e nove it. Pron 
tion of the dea that nuclea erence hould be treated | thie dim 
cn is @ part of all er rent ! eurricul than sepa 
te branch of engineer ulso cmphasized 
With these oal in mind roup representi the conmstituent oe 
I 
ocieties met in August of 1954, and laid the foundations for the ae 
! t Nuclear Engineering and Science Congpre held in Cleveland pe 
n December of 1955. under the sponsorship of the ke rent loint ce 
rie 
not news in ! ense pen ‘ trie ‘ | Vil 
helped considerab by the formation of the American Nuclea aie 
cle nee nd consequent Linc ‘ ‘ 
t ava ible te thie ere ‘ ‘ lene 
‘ 
mn the ne 
: ate, 
of the 1955 nd D L. K Unive 
bie th ( roe i bye i ‘ of th mieetir 
tus 
n behalf of nd the hostir ("he land Engineer 
The 1957 PI meet inde the dministration of 
ASME f Je nor be termed bigger and better, and, as men Bett 
ed al e the ivent of the NICB brought tovethe { the { 
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The Second Nuclear Engineering and Science Con- 
ference, the International Atomic 
Fifth Hot Laboratories & Equipment Conference, 
and the National Industrial Board's 
Filth Atomic Energy In Industry Conference, were 
all held under one roof this year, through the co- 
ordination of the Engineers Joint Council. 


Exposition, the 


Conterence 


Viore than 16,000 er businessmen, and sei 


entists attended the 1957 Nuclear Conpre held in 
Vhiladelphia’s Convention Hall yponsored by 25 
leadu envineecring and screntity ocretie the week 
on ‘ on was devoted to the peaceful use of 
itomic ener Highlight of the weet included 
major speeches by Kenneth W. Davis and Admiral 


Paul | hoster in charye re pectively of reactor 
development and international activitse for the 
Vie Alfred Iddle resident of the Atomic Indu 


| 
trial Forum nd of Li 


ibeock & Wilcox Co., read a 
ris we from Franz Etzel, vice president of the 
pean i} and Steel Community and a member 

f the Ruratom Committee. Other speakers included 


e Carl Durham, chairman of the Joint 


mic Carlo 
ident of the United 


‘ Committee or \ 


A. Bernardes, pre Nations’ Prey 


operating 


NUCLEAR 


Commission, International Atomic Energy 
Avency; and Robert M. McKinney, editor of the 
Sante Fe New Mewican and chairman of the Panel 
on Peaceful Uses of Atomic Energy 


aratory 


Interest in Euratom high 

Interest in the development of atomic power in 
Europe was very high. Several dinner speeches and 
NICB Atomic Energy in Industry 
Conference were devoted to this topic. With electri 
power costing 10 to 12 mil 


al lon ol the 


in many parts of Europe 
and coal output limited, enthusiasm for a possibly 
cheaper source of electri 
tand. |Ten day 
March 25th 


Common Market were 


power Is easy to unde! 

after the closed—on 
treaties for Euratom and the European 
igned by the 
ters of the six participating countri This first bis 
tep toward a United State built 
laid by the European Coal and Steel 
October 1956 
being watched 


Atlantic. | 


conterence 
foreign mini 


of Europe is bein; 
on foundation 
Community (see JOURNAL OF METAI 
p. 1458) and is, naturally enough 
with great interest on thi ide of the 


What the well dressed reactor will wear 

The second Atomic Exposition might well be di 
cribed in terms of a fashion show, featuring both 
the basic designs and the all-important acce orie 
\ stroll through the exhibition hall——-it could be 
revealed much of what is im 
dollar-and-cent fact of 


done easily in lg hi 
the air, a well a the 
modern reactor technology 
Although some nine different reactor designs are 
being considered, built, and tested, there seems to be 
a trend in the thinking that the homogeneous type 
of reactor will eventually be generally accepted 
even though a great deal of development work re 
mains to be dome 
hlight of the pre-convention publicity wa 
the exhibition for the first time in the U.S of an 


nuclear reactor Zuilt by Aerojet-General 


hte 
= 
— 
4 


ONGRESS 


it was, perhaps, indicative of the age we 


Nuc 
are about to enter into, in that it was completely un 
pectacular!' Although the harne ing of the energy 
of the atom omething which sends the imagina 
tion soarit nto the realms of space and time, the 


actual manifestation is nothing that will ever excite 


i iall boy. No piston 10 shaft ll of o 
i smal no featured a blonde and a brunette both of whom 
“asollne no clout ol moKe ale eam in tact, it were it wa agreed cintillating Their limited 


only moving thing is a needle on tt lial of the ce . 
i i nee eo Clad con knowledge of the equipment seemed to disturb vet 


rol console. The main features of the powerhouse of 
few visitors 


tomorrow will evidently be a hospital-like cleanh 


ness and a pervading silence Technical program covers all phases 


Not that operation of a reactor hav t on 
fa reat can nave rhe technical program, certainly the heart of any 


tin ioment this was y monstrated by 
eX n ‘ h is amply demor ite I meeting of this type, consisted of over 200 paper 


t weds & Northri imulator, which took o : 
ne La NI and pati | di cu lon covering all pha of nucleut 
re thie relimini tep ) ringing the reactot! 

m n of n that have been decla ified by thie Caovern 

o critical, to an wert wi W on 
ment. These papers are available in separate copy 

done and drew large crowd oa 

" ; , Walt form for $0.30 each. Orders must be by paper num 
battel Wi whi bites by th ulte 
Lal ber. and should be addressed to ASME Order Dept 

29 W. 39th St., New York 18, N. ¥ 
hosphor which yhotocell turn ‘ectricity 

P te} John Landis, 1958 Program Chairman, caution 

the battery 1 oon to ap arinan Biggin wat j 
authors that they must send abstracts to their soci 

Jterally a high of th x POSItLO we th 
ti by July 15, 1957, for consideration on next 
99_ft tall vacuum are furnace featured by National 
, yeal program 

Research Corp. The unit has a capacity of 100 Ib of 

teel and one of many piece of high vacuum 


Hot laborato must lave 
mechanical hands nece il for pe 
ment dioactive 
popula! i yourself exhibit 
lackll Nia i prize for those 
threadu i needle with the mact 

The ma t of the exhibit le 
mentatior the most complete Vi 
ntioned ibove but the most 
‘ modest booth of the Nuclea } 
vhict i addition t cintillatior 


The Aerojet - General - Nucleonics 
201 nuclear reactor, shown at 
right, was the first operating criti 
cal reactor to be exhibited in the 
U.S. Operating at a power of 100 
milliwatts, the completely safe re 
actor has many applications in 
education, training, and research 
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|. Colonial lronmakers 


Blast furnaces are the tools of men, and it is men who 
have made them great. Here is presented the story of 
the lronmakers—the men who first poured hot metal 
into what would someday be the sinews of a nation 


by M. O. Holowaty and C. M. Squarcy 


W HEN the Jacobean merchant adventurers bade 
farewell to the first ship of colonist ailing 
for the new land, they 
their skill and energy to grow silk worms in Vu 
vinia. The adventurers felt sure that they 
flood the market with highly priced and much de 
ired goods like silk, They 
also convinced that they would fill the need 


instructed them to direct all 


could 


pir 
ugar, tea, and indigo 
were 


of the mother country for iron 


Early iron production in the colonies 

The merchant 
nation, for silk and indigo were just as exotic in 
Virginia as they were in England. The settlers found 
it more profitable to tobacco on the vast 
tretche the free, fertile land. Thus the plans of 
ettlers clashed with those of The Virginia Co.; and 
only point of agreement wa 


certainly had a wonderful imagi- 


raise 


the desire to produce 
iron Zut, even there the motives of the settle: 
and those of The Virginia Co. of London were world 
apart. The settler badly 
needed in the colony, while the Company desired 
to cash in on the rising demand for iron which the 
industry could not satisfy 


wanted to produce the tool 


home 


M. O. HOLOWATY and C. M SQUARCY are Chief of Raw Ma 
terials Research and Manager of Iron Production, respectively, at 
the Indiana Harbor V/orks of Inland Steel Co, at East Chicago, Ind 


Jame 


Both the settlers and the Company lost no time 
trving to find iron ore of the early mine 
known. If, however, the reports of the 
Irishman, Francis Maguel, can be trusted, a 
as 1609 a ship sailed for England with a load of 1% 
tons of crude iron which the East India Co. pur 
chased at £4 per ton. The iron was of excellent 


Location 
are not 


quality and considered the best iron made of non 
English ore that was ever purchased 


Colonial forges and charcoal 


blast furnaces 

Forge 
the first years of white man’s existence in North 
America. During the first after the 
founding of Jamestown, machinery had already been 
erected by settlers who worked the iron mune It 
is also known that 
made by the colonist 
in local forges or in Catalan forge 

The Massachusetts Bay Colony boasted 4 number 
of them during the second half of the 17th century 
Bloomery forge of 200 to 400 Ib capacity wer 
operated at Mendon, Harvard and Westin. A large 
bloomery was located at Northborough, famous for a 
hort time for it 


; were reported to be quite common during 


three 


many small implements were 


from iron which was produced 


cast tron pottery and stove 
at Westminster 
lit bars and rods for making tool 
for the farmer while the rod and nail mill at 
Wachusett excelled in spike nal and axe 

The forge tood thei 
charcoal blast furnace, and began only a gradual 
Almost all forge 
were established on the basis of home in 
operated to satisf 


An integrated iron work upplied 


and implement 


ground in the 


retreat in the era of anthracite 
plant 
du trie and were local need 


Iron a uch was not exported in any quantities to 


either England or to other countru 


Falling Creek starts as religious venture 
00 wa 
made to thre Virginia Co fo the di tinet purpo ‘ 


In 1619, an anonymous contribution of £ 
of promoting conversion of Indian children living 
in the colony to the Christian faith Ihe 
decided to establish an industr 
be used for the conversion work instead of 
directly. Their plan wa 
the original sum through the growth of the iron 
industry. They added £3500 to the 
tribution and contracted for iron works to be 


colontist 
whose profits would 
pend 
ing the mone to multipl 
original con 
built 
in Virginia as soon as possible. The profits were to 
be used in instructing 30 Indian children in the 
doctrines of the Christian church. Thus, the 
hampton Adventurers intended to accomplish two 
purpose promotion of the economic welfare of the 
Indian tribe to 


south 


colonies and the conversion of the 

Christianity 

teering committee of the Ad 

addressed a letter to 

governor of Virginia and 
npton Hundred. In thi 


to show utmost care in 


Subsequently, the 
venture! Yardle who wa 
captain of the South 


letter Yardley was urged 


etting up the project “a 
of God, angel 
London office acted quickly Upon 
t, and dispatched Capt. H wit 
with a group of 80 skilled iron worker 
in the spring of 1621 

Blewit died 


town, but he wa 


upon these works were fixed the eye 
ind men The 
Yardle reque 


to Virginia 


hortly 
quickly replaced with John 
Work on the iron plant 
fall of 1621 at the 


Captain after reaching 


Berkel 


tarted in the 


of Gloucestershire 


location known a 
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about seven miles below the falls 

The si uggested by Sir 
riginal cost « 

gestion ! had 

wm rial 

id also and tone for 

bal furnace 

Berkel 


the blast furnace Wi 


itself 

reported the 

xpected to make iron 
the company already in 
nture voted 
expen they 
even dream that on the very 
Mar. 22, 1622 


ind their enterprises destroyed by 


atever 
their men were 


Only two people escaped the In- 
ng Creek, a boy and a girl 
jerkeley, his family, and hi 

lered ruthlessly without ap 

on The tools and the 


broken up and tossed into 


in the an 

from the 

built, they were 

The colon 

but the 

nen dela hment 


iron indu 


at Falling 
London offices of the 
1 Court, but it did not 
| iron indu 
were con 
o repair the 


era 

I to the English 
evoked the charter 
to interest the 


he industry in Virginia 


young 


i quicker road to fill his treasure by 
unheard-of domestic taxe 
establish a number of 
coloni ent William 
or 1628 h a commission 
f industri including the 
nite of the upport of 
jurpesse quickly 
as forced to leave the 
plans could materialize 
ucceeded in 
ia iron industry in 1635 
they rebuilt part of the 
Creek plant, but were 
of lack of funds. This wa 
pt to produce iron in early 
year f the 17th century 
another forgotten place in 


le open i the New World 


on almo t 


The Spotswood furnace at Germanna 
in Virginia, 1716 
One morning in the 


Jamestown, Va. Aboard the lip, was the 
overnor of the colony, Colonel Alex 


ummer of 1710, a new ship 


wood. Spotswood as born of Scotch 
1676 at Tangier, at that time a British 
Raised outside England, he developed 
talent to work people of 


ational with 
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and understanding 
sovernor of Vir- 


a brilliant and far-seeking 


Shortly is arrival, Spotswood was ap- 
pl Christopher de Grafenreid, a 
prominent Swi y\ who had led a group of 
men and ni I Carolina 


ilver ore in the Mas- 


his country 
There was talk in 1712 about 
anutten and Spotswood and Grafenreid 
discussed it many time It was decided that the 
latter would go to Europe and search for miner 


In the spring of 1714 from the 


rif Valle arriy 


Mountain 


10 German mine! 
Spotswood, who 


paid for their passage settled them permanently along 


the northwestern frontier. The location was named 
Germanna, and the place was fortified with a block- 
Spot wood petitioned Lon- 
until the 
ettler 


found outcrops of 


house and two cannon 
don for 
al sanction wa 


permission to mune Iver, but 
obtained the German 
to remain idle soon thes 


and attempted to interest ther protector 


ron ore 
Iron venture 

decided that 

nothing, and 


1716, the governor 
mining was better than doing 
au land patent for 4229 acre in the name of 


being in Essex 


peptembet! 


Robertson recorded a 


in the parish of St. George, approximately 

above the falls of the Rappahannock River 
land patent incuded Germanna and the sur- 
and vast timber 


built in 


country, rich with ore bed 
The Spot yvood blast furnace wa 
1716 or 1717. The exact date tis not known but can 
be deduced made to the crown 


about Spot wood activitie 


from complaint 
during that time 
defenders, but the 
and, after serv- 


Spotswood also had hi per- 


verance of his enemies bore fruit 
spot wood wa removed 


all he owned 


ing 12 years as governor! 
nN 723. He Na 
about 65,000 acres of land, two blast furnaces, an 
hemp field Rather 
turn to England, Spotswood decided to throw 
lot with the new pent the re 
of hi 
tics “squeezing out hi 


vell proy ided finan 


m bloomer and plantation 

country and 
life developing frontiers and, 
partner 
land tracts and enterprise 
ions of the 


Germanna are not known, but judging from the an- 


principal blast furnace at 


production of 800 ton it can be a 
asured 6 7 ft acro the bosh 


inaugurate the iron 


nual 


inia and to operate a blast furnace 


producit pig iron on the American 


continent 
After several of his original German workers left 
wood decided to r the enterprise with 
To the visiting noblem: Colonel Wil- 
he explained thi for ral 
running the blast furna he employ 
labor. Byrd found that from 100 to 
ves were required to run the furnace, includin 
women to cook and farm hand i I and ¢ 
hay for feeding the oxen, needed f nat v chat 
coal and tron ore 
In 1724 a group of English u 
Principio Co. of Maryland, and 
n 1725. Soon, however, thi 
any extended its intere o Virginia and 
ast furnace at Accokeek on the property 
Stafford 
Accokeek 


f Jarnes | el which were rare in his day. A 
hdwin nd finia, he proved to be 
timate of £40 
roel thie pore 
ore 
thie ‘ j Pig 
In Februat 
cet mdon 
} it piete une 
Phe trust 
ts over the 
meet their mar 
lay of their voting eee 
bei 
Indiar 
whi iin the 
worke ver 
piel nt or ha 
furnace chinery wee 
thie el 
Phe real tragedy « 
} tue thie 
will vhich tool 
indoubtedly 
‘ ered quick ! Cour 
} tiapre f od 20 
ful a estic stry for many years to The 
cone 
I} ‘ af thre 
} ‘ ed the « on thie 
rnin ¢ rnd even the 
this nierest in 
ected 1 to \ nia 
\fte thie n of Ch 
rie H25 thie king 
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but ‘ iw 
, enorn 
Kit 
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Isaac Zou Cove 
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Falling Creel 
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made 
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country 


plant was valued at £3000, including raw materials, 
plant facilities, and slaves. Colonel Byrd visited all 
iron plants of Virginia in 1732; the same year 
Augustine Washington became the father of a son 
named George 
Byrd's observent eye caught the features of the 
Spotswood furnaces, while his keen mind quickly 
evaluated the problems of ironmaking in the new 


He wrote 


“We proceeded to the furnace, which is built 
of rough stone, having been the first of that 
kind erected in the country. Here the wheel 
that carried the bellows was no more than 
twenty feet diameter; but was an overshot 
wheel that went with little water. This was 
necessary here, because water 1 omething 
carce, notwithstanding it is supplied by two 
treams, one of which is conveyed one thou- 
and and nine hundred feet through wooden 
pipes, and the other sixty The name of the 
founder employed at present is one Godfrey 
whose wage is three shillings and six-pence 
per ton for all the iron he runs, and his pro- 
visions He complained that the colone] 
tarves his works out of whimsicalness and 
frugality, endeavoring to do everything with 
his own people, and at the same time taking 
them off upon every vagary that comes into hi: 
he ad 

“Another newer furnace of Spotswood’s i: 
elegantly built of brick, though the hearth be 
(The) operator looked a litth 
melancholy, because he had nothing to do, the 
furnace having been cold ever since May, for 
want of corn to upply the cattle But 
having received a small supply they intended 
to blow very soon. With that view they 
to heat the furnace, which | ix weeks before 
it comes to that intense heat required to run the 
metal in perfection. Nevertheless, they com 
monly begin to blow when the fire has been 
kindled a week or ten days. Close by the fur 
nace stood a very spacious house full of char 
coal, holding at least four hundred load 
which will be burnt out in four months. The 
fire in the furnace is blown by two mighty 
pairs of bellows, that cost one hundred pound 
each, and these bellows are moved by a great 
wheel of twenty-six feet diameter. The wheel 
again is carried round by a small stream of 


of firestone 


began 


water conveyed about three hundred and fifty 
yards over land in a trough, from a pond made 
wooden dam. But there is great want of 
in a dry season, which makes the fur 
often blow out, to the great prejudice of 
work 
We took a walk to the principal mine 
about a mile from the furnace, where they had 
unk in some places about fifteen or twenty 
feet deep. The operator, Mr. Gordon, raised the 
ore, for which he was to have by contract one 
and sixpence per cartload of twenty six hund- 
red weight The rate of twenty five shilling 
a month, and for all that was able to clear 
forty pounds a year for himself. We saw here 
everal large heap of ore of two sort one 
rich and the other spongy and poor, which 
melted together to make the metal more tough 
The way of raising the ore was by blowing it 


up, which operation I saw from beginning to 


end. They first drilled a hole in the mine, 
either upright or sloping, as the grain of it 
required, This hole they cleansed with a rag 
fastened to the end of an iron with a worm 
at the end of it. Then they put in a cartridge 
of powder containing about three ounces, and 
at the same time a reed full of fuse that 
reached to the powder, Then they rammed dry 
clay, or soft stone very hard into the hole, and 
lastly they fired the fuse with a paper that had 
been dipped in a saltpetre and 
dried, which burning slow and sure, gave 
leisure to the engineer to retire to a proper 
distance before the explosion. This in the 
miner’s language is called making a _ blast 
which will loosen several hundred-weight of 
ore at once; and afterwards the laborers easily 
eparate it with pickaxes and carry it away 
in baskets up to the heap. At our return we 
aw near the furnace large heaps of mine with 
charcoal mixed with it, a stratum of each al 
ternately, beginning first with a layer of chat 

coal at the bottom. To this they put fire, which 
in time spreads through the whole heap, and 
calcines the ore, which afterward easily 
crumbles into small pieces fit for the furnace 
There was likewise a might quantity of lime 

tone brought from Bristol, by way of ballast 


olution of 


at two and sixpence a ton, which they are at 
the trouble to cart hither from Rappahannock 
River, but contrive to do it when the cart: 
return from carrying of iron, They put thi 
into the furnace with the iron ore, in the pro 
portion of one ton of stone to ten of ore, with 
design to absorb the ulphur out of the tron 
which would otherwise make it brittle. And if 
that be the use of it, oyster shells would cet 
tainly do as well as limestone, being altogether 
as strong an alkali, if not stronger. I observed 
the richer sort of mine, being of a dark color 
mixed with ruts, was laid in a heap by itself 
and so was the poor, which was of liver or 
brick color. The sow iron is in the figure of a 
half-round, about two feet and half-long 
weighing sixty or seventy pound whereof 
three hundred weight make a cartload 

When the furnace blows it runs about twenty 
tons of iron a week. The founders find it 
very hot work to tend the furnace, especially 
in summer, and are obliged to spend no small 


part of their carnings in strong drink to re 
cruit their spirit Jesides the founder, the 
collier, and miner, who are paid in proportion 
everal other 


to their work, the company ha 
officers upon wages, a stock-taker, who weighs 
and measures everything; a clerk, who keep: 
an account of all receipts and disbursement 

a smith to shoe their cattle and keep all they 
iron work in repair; a wheelwright; cart 
right; carpenter; and several carter The 
Wiape of all these person 
hundred pounds a year; so that including Mr 
Chiswell alary, they disburse two hundred 


amount to one 


pounds per annum in standing wage: 
“Col. Spotswood told me he had iron in 
ral parts of his great tract of land, con 
ting of forty-five thousand acres. But that 
the mine he was at work upon was thirteen 
miles below Germanna 
“The Colonel has a great deal of land in hi 
mine tract exceedingly barren, and the growth 
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The Principio Co., established in 1714 
to produce iron in Maryland 


tish custon 
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hard enough fe coal In 1750 V vinia and Maryland together exported 
’ t} he bout er paved to England about 2460 tor of p ron, One ixth 
thi to be enougt f th ipposedly came from the Accokeek furnace 
! H ( fter the death of Lawrence Washington 
; I ‘ ‘ much interested it Li the Principio Co. moved all it tock and 
f hie ert me time with men t Viaryland. The Germanna furnace wa till 
‘ olthe Gs mina fu tive n 1750 when 410 tor Gaermanna Iron 
thi if ition sent to England. Since 1 further informatior 
' cou be found in the lterature t can be assumed 
f f th the rntit nd brie em ill left of any of the Spotswood 
j ju ma 
1 
For that reason I ought to furnaces. Mr. H. W. Johnson, who visited the site in 
936, nd or i steel nboard which read 
thi bye if! ent wit) 
Spotswood Furnace 
| P am ¢ Four 7 orth on th de road the fe of an 
; { thy e N 1 eut advant incient cron furnace, estab hed about 1716 by Go 
eed ther llerander Spotswood, the first 1 yoequ pped 
ttle } not iat nace fie colonie va hauled a ond thi 
bas ton poo od to the Rappahannock River for hipment Wil 
ht thie es the poor ted the furnace im 1732 and described 
thy ! 1} ‘ ‘ nm imple Johnsor 1d If ou turn dagown the de road 
ft) t the hy if 1 the ound more ineven than alon the 
ty Iw gor wey } hwo erul owtl horde the oad nter 
j ntifu ave } nau ipted ofr Pye ‘ madd the ‘ Vavor road or 
frean } ‘ Thi oad ha recent Dear improved and 
fury ‘ por nad what ove with a iver of ravel vhich on examina 
Te that furr ‘ he fror te ‘ tior oh Ver much like broken blast furnace 
‘ thie tir i ent i 
‘ tif Phat the 
The Br) office: did not beheve then 
ity the ship that just a ed brought a load of 
‘ ne be from \rne can cor ned to Joshua Gee 
f Shre bu ind William Chetwynd, Esq., of 
London. The vear was 1718 and the shipment wa 
i | mi me 1 tor } it neve rthels it wa the ‘ 
} tit ‘ nt prope 
ip aba nd probabl ust the be nning of what ever 
} ric hve ‘ vould pou fron thy eoloni« The iston 
hat? etl ent eutad t oft vere ht for the flow of the iron f m the 
mie ric nereased considerabl durir the next 
‘ vor ere nec lecade especiall o from ome ror worl the 
( Principio plant of Maryland 
' Principio Co. had its be nning in England 
lr 1714 oup of busine men headed |} the 
te ‘ 1) fhat mlanted 
( it ve Joshua, Samuel, and ood Geet Willian 
, . Chetwynd: and Sir Nicholas Carew, decided to ver 
} ‘ | ‘ | 
i id th nto production of tron in the colonies to suy 
ere need fo ol n the mothe countr I'he 
ndert eemed pron enough f Capt 
fy 4 froin Cie mna ad +} who n 1606 repe ted or ore the 
‘ f ct , rie vhict ("hy peake B area. could be trusted. In ar cust 
nd operated | tswood. The blast t appeared worthwhile to dispatch Mr. Josep} 
il, the | to the new countr’ with the nstructior te 
Cr j ‘ ‘ ned the nad where to } riled the or rh 
j 4 { ten of 1715 1 be if mead nauirie ibout 
+} ‘ entu thy ndustr of the new colon 
¢ the handontt med al it the earliest furnace it Fallir Cree} 
} ‘ fiir? ce ) 17346 which could he reconditioned and put mh ope itior 
\ { i in 1740 without leav He al heard the stori bout John Winthroy 
rm bie Lugustine on venture it Saugu ind Braintree ind the 
Washu } ved ifts athye nodifferent cee The Winthror furnace 
\ beat oe W tor place mn the he 1 of were lown cor pletely ind th Philadelp} i Qu ke! 
th. the 1] ld ‘ ed Farmer! iinst New Fy land 
j ‘7 } } f blheoth law ree from Au istime vhich had onlv he ore ind even that wa low y 
first ma vith Jane Butle on and quantity 


about bloomer i rs leal and 


ae 


Dur) 


the 


K, Wh 


could but occasionally 


The out Indeed 
by Captain black and \ “ngland st < youn 
m to take I river bank plant 
he four whi Wi Gradually the 
and pri \ declared the 
ope 
that troubled him was whethe 
connected to Chesapeake Ba 


vn the river, Farme! idden| 


ad of him was the smooth and calm Shaping ¢ the interior wi 


rhe way th The furnace bosh, very care 
was cleat hort distance about 
headquart t 10 a huge belly hold charcoal, ore, 
In the fal 1724 the 
the Back lane fi nning, Princip. 
Baltimore, who wi ) Birmingham where 
ettle: for wr avo! ri However, the Prine 
not only an iron plant but 
ous. African rn plantation raising its ov 
did not maintaininy 
ussistance, F ! Principio Work 
Labor problen here were cly throughout the color 
Back Creek, but a Quake 
0 ilar blast 
land. He w te a letter to 


indentured wot 
About 
brothe! 
roup of 


the 


lot and spent mo 
lentiful and chea 


amon 


tack wa tarted 1 } includin 
e of suitable san contract 


furnace made the \ Ked 


n 1722 


and William 
without 


and the 


ie financl ituation 
about ri rebellior 
ied land 

Inve 

ed that 

used the mone 
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n Maryland, and Farm had almost doubled the price of tt mate a 
because of Maryland’s proximity to the open wate! rial. Hing the immer of 17238, England tried to as 
f the Atlantic Ocean and thus to England. Expk bring @™!© company bu ‘ in order and period 2 
ng for a blast furnace location, the English irot cally reported what litte progre cnere Was | an 
master rode along the Back CreeHgmmich for some London. The workmen were somewhat calmer now ae 
eason fascinated him. England had to prove hi Iperl 
ound of fallu vater, and forcing his way through rity by sheer physical strength. His homelite wa ee 
iy tua! ingle rie od ty fs }- ty i} +) tts acl a lic lof hor P ok me n thre 
find, he le d =e 
how 
n vule fore 
ind here to } an 
earchit 
on or 
| rit oniy th 
the Back Cree} 
dor 
ed that just ahe his personal concern 
inface of the mi ed, widened 4 
nul ed back to Nil flue 
KL 
the findin to} f vnoin. Right ae 
armer obtained ed to 
from the Lord Proy {at a most ol. 
‘ xtreme! imxiou 1 Compan 
ind ilso boasted aa 
he hortave of | heat, catth ee 
Ne on vere hard t tore Phe ‘a 
n tl H pread 
on the job. Hop Te 
out to Ph luadelphi en ku 
‘ <i id i neal le lo 
friend ed Farn 
nace crew from En; pio Turnace oa 
} 
British partne: requestit to the John England associat 
colonies a oup of 20 to kmet expansion of the operations into \ nia Phere a 
f m the Enelis prison iter he wrote to London, were large dep ts of vood ore Bal 
t her ( ( and extensive uppli of charcoal timbet Hle even 
steph ind the an 
on el rought vO elected the land which appeared most prot rn a 
‘ 
men whom they placed at HP disposal of the for the construction of a blast furnace——-the proj er 
Principir maste of Captain Augustine Washington, John na 
Construction started almost immediately, but the visited Captain Washington at the lattes Pope an 
vor} progre ed ly The worket! were not Creek home and prope ed a purtne hip accoran lo 
har pr with thei meavel hich ¢ W hington vould nt thi 
yvages on it wi min the of the new plant while the rest would be livided nd 
colonic weeny the English partners of the Principio Co ee 
lon 
fall of 1720, but the short d to haul » the furnace the 
‘ 
ceeding! low. B 1722, the letter of Farmer to thi the bla furna Wis! 
4 
ni te! in ker land rew more and more flowet y ton land Via ind named 
but there were no shipments or iron outside the 3% which as the name of an Indian chief befriended ee 
Wash 
tor of forged bars produced in 1718. Farmer a: ' Washington a 
ved in London late and ive in enthu It m production of the Accokeeck Turnace ¢ cooded 
istic account of his accomplishments. This made the the most enthu lic expectation of the | sap ‘ ae 
financiel of the Principio project even more u Co avel 10 au 
piclou nd the lecided to have an impartial ex the Principio furnace and the Accokeek furnace be - 
pert, John England, investigate the entire matte! came the center of attraction of the tron men tre ah 
+} ‘ 1 the ount ‘ 
Although John England was received with cor- a Sh nd the European cout upd 
man who had me th rit tallation 
Russel. they departed shor an ho had neve een the Priney i Be 
Emanue vedenbo n his celebrated book 
Ferro ¢ ed Principio iron the best man eve made eae 
In | eport to London, John England complained John England wa ia by |} wens y Sse Beg 
nd patriarchal beard. De Ferre or 
bitterly about almost everything he found in Mar — 
ver most like an obituary, fe John nd died 
and, particularly tl and the 
weel thy tum! f 
crew which was just mn] ‘ la ! sutumn 1734 a0 
nenection of th 
Inspec n of the howed 
ome to be entirely 1 of the The second part of Blast Furnace US A A i a 
compan mee asure! pot na fortheomir if he JOU! 
Stephen Onion, had private 


Background of 


 Government-Sponsored 


Research 


The decades following the organization of the AIME in 
1871 trace a vitalized Government interest in science to pub- 
licly dedicated men of science from whose work emerge three 
organizations that are equally important today — the Coast 
and Geodetic Survey, the Smithsonian Institution, and the 
U. S. Naval Observatory. 


Summarized from an article by Lawson M. McKenzie 


RB ORI War, the Coast Survey, the Lt. Mathew F. Maury was appointed 
miithisos ! the Apvriculture Div. of dent in 18644 and immediately widened the 
he Patent Javal Observatory were the observatory by analyzing oceanoyvrap 
vernment from ships logs prepared according to hi 
! ed in serene tions. From 1844 to 1861 he issued wind ane 
The Coast Survey: Jefferson in 180° inder the charts from his Hydrographic Office 
hues the Ymerica losophical Society In 1862 Adm. C. H. Davis, who founded 
$50,000 to manac Office separately but under 
ds, the ministrative upervision, wa 
Chief of the Bureau of Navigatior 
was to bring under one head all scientil 
ments of the Navy related to hydrog: 
y, navigation, and surveying, and 
Nautical Almanac, the Observatory 
Academy. Adm. Davis proposed a permane 
mission to advise the Navy Department on scien 
matters. The plan received the prompt attention 
the Secretary of the Navy, who issued an ordet 
Feb. 11, 1863 creating the Permanent Comon or 
While awaiting the result of the Navy Depar 
ment’s consideration of the plan to establish a 
tific commission, the idea occurred to Adn 
that an Academy of Sciences might be organi 
on ) imply asking Congress for its incorporation 
in 1901, when the had conceived of the need for “an in 
ew Government clence upplementary to existing one 
the National public action in reference to scientific matter 
! ‘ f Standard bill of incorporation of the National Academy 
Partly scientifie activities of the Navy: Th Sciences was passed and signed 
1 Obese had its origin in an o Smithsonian Institution: The story of the or 
iment d the Smithsonian Institution was in sharp cont! 
e1 the officer 1 that of the Academy. After accepting a bequ 
iment. Fh or over a half million dollars of James Smithso 
pense il 1430, Congre procra tinated for eight ye 
; acting in 1846 to establish the Institution 
leadership of Joseph Henry, the first Secretar 
Smithsonian became the leading organization 
19th Century American science. A private fé 
formerly org d in 2 bi tion, although ward of the Government 


et, and a building wram beg: connected with many important scientific und 
ings for the Government 

LAWSON M McKENZIE is Executive Director of the Naval Re The Smithsonian had been inv .lved in meterology 

search Advisory Committee This paper was presented at the sym ince its founding. Weather data was collected there 

posium on “The Status of Government Supported Basic Research by telegraph from 1849 to 1870. The Smithsoniar 


Program in Metallurgy” of the 1957 Annual Meeting art ous 
began to compile maps about 1851 and ispl 
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4 


them to the public after 1856. In 1870 the Weather: 
Bureau of the Signal Corps assumed the work begun 
by the smithsonian 

Patent Office: Jefferson's deep thinking about the 
nature of mechanisms and patents thereon led to the 
present American patent system which, from The Act 
of 1836, had no counterpart in the world at that time 
It was altogether different from the British, French, 
and other systems. Under this American institution, 


afterwards copied by the Germans and in later yea! 
by the British, a 
whether the applicant was entitled to a patent 


earch was required to determine 


The Twentieth Century 


The Permanent Commission of 1863 consisted of 
three men: one from the Bureau of Navigation, one 
from the Smithsonian Institution, and the third from 
the Coast Survey. In 1915 the Secretary of the Navy 
invited Thomas A. Edison to act a 
Naval Advisory Board of 24 men. Eleven engineer 
ing societies were requested to select two of thei 


chairman of a 


members to serve on the board. Some were ap 
ocietie 


elected 


pointed, others elected to represent the 
for example, the AIME Board of Director 
by ballot W. L and B.B. Thayer 
The Board was particularly active in calling at- 
ntion to industrial preparedne and paved the 
iy for the creation of President Wilson’ 
National Defense. The Board later served the 
‘ouncil as an Inventor’s Council. The National Re 
earch Council (NRC) was organized by the Acad 
emy of Sciences in 1916 as an arm of the Council of 
National Defense and was formalized by Executive 
Order in 1918 under which it operates today. The 
NRC served as the Department of Science and Ke 
earch of the Signal Corps, and it established a re 
ervice with attaches in London 


Saundet 


Council 


earch information 
and Pari 

Upon recommendation by the Naval Consult- 
ing Board, a million dollars was appropriated in 
1917 to launch the Naval Research 
This laboratory and the Engineering Experiment 
Annapoli the aircraft factory, Dahl 
Ground, the powder factory, the 
mall ordinance laboratory, and the model basin tn 
the Washington Navy Yard were the start of the 
odd aval laboratori that 
10.000 smentist 


Laboratory 


station in 


ren Proving 


now exist and 
and engineer 


to the ex 


emplo 
Although w have restricted ourselve 
pandin vy scene and fragmented one to boot 
ich expansion is typical of the Federal enterprise 


venera 


Place of science today in the 
Federal Government 


In considering the place of science today in the 
Federal Government, it is necessary first to get some 

of the size of the problem. The U. S. Govern 
about 37,500 scientists and engineer 
ictivities. Although thi 
but 6 pet of the estimated 
of the Nation, a review of Government 


ment employ 
entific number 


mentifie 


versity and industrial activities indi- 
far greater number are involved in 
sovernment wor Thirty seven percent of the 
pent by private industry on scientific re 
represents work done for the Federal Gov 


ernment, about 1.5 billion dollars. In addition, Gov 


ernment provide ome support for 345,000 under 


vraduates and 43,000 graduate student 

Over the last two decades there has been a sharp 
ncrease in Federal employment of scientists and 
engineers. Between 1931 and 1954 the increase wa 
evenfold, Between 1947 and 1954 the increase 
to World War II activities is readily understood 
lesser increase since then apparently represent 
tapering off to a new norm in the Government 
pendence upon science, for it seems that tt 
chinery for use of science is roughly complete at 
least at the present plateau of National develop 
ment 

Defense, exploitation of natural resoures agri 
culture, and commerce are areas which involve most 
of the Government cientist and in this order 
The Department of Defense employs 68.3 pet of the 
Government cientists; the Department of Interior 
7.4 pet; the Department of Agriculture, 6.1 pet; and 
the Department of Commerce, 5.9 pet 

Of these employes a considerable number are in 
volved in planning and administering this research 
nearly 2000, Upon this 5 pet of 
the Government entific staff depend 
a) the coordination of the multibillion dollar 


and development 
uch mat 
ters a 
enterprise, b) responsibility for acquisition and di 
tribution of the funds, and c) for the quality of the 
program 

Advisory and coordinating committees: 
the present Government machinery fot 


Within 
crentiln 
research are a number of inter and intra depart 
mental coordinating committees. One of the more 
important of these is the Interdepartmental Com 
mittee On Scientific Research and Development 
(ICSRD). An important feature of the complex of 
committees are interlocking memberships between 
them. They are not necessarily organized this wa 
but the common membership provide a superb 
means of coordinating the work between the agen 
cle 

There are also a great number of publi 

House 

mittee on Government operations resulted in} 
deserib 


committee A recent survey of the 
log of seven volumes comprising 3478 page 
ing them. The preface of this report explain The 
advisory committee is not a new device in Govern 
ment. In working as a part of a diversified and com 
plex economy, Government agenci e shown a 
vrowing tendency to make use of the ; y com 
mittee in one form or anothet 

Offices devoted to fundamental research: Varalic! 
ing the spread of advisory committees has been the 
rise o, offices devoted to more or le 
Again, these are not me 
and numbers are larger than heretofore 

Charting the way was the Office of 

earch, created by law in 1947 following estab 
lishment in 1945 as the Office of Research and It 


ventions. This office took over control of the famou 


fundament il 


research but thet Cope 


Naval Research Laboratory and the war-born Spe 
Center. It 
tantial program of contract research, main| 


Device ub ntly built up a 


‘rsities, and programs identified as Naval 
ence 

Reflecting this pattern of 
earch objectives by way of contract especta 
with universities, are: the Research and Develo; 
ment Div. of the AEC formed as one of the { 
divisions of the new AEC in 1947, the office of Sciet 
tific Research (now of the Air Research and Deve 


support of agency 


‘ 
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x 
ag 
n 
ul 
cute 
ae: 
Gov 
amo : 
a 
te 


‘ ( 1) estal hed 194% in the A iar fundamental features of present day organiza- 


‘ iftice of Ordnance Re tion of Federal have been historically pro 
cad juced. The Longitude Department of the Coast Su 
Contractor-operated) research centers \ third ey and the Nautical Almanac Office of the Navy 
toft chine to do Governmental are early examples of important Government activ! 
‘ eve ent | the contracto te organized at seats of special competence. Pay- 
‘ ted ress ( cente \ nne. Oak Ridge ind ments to astronomers in connection with the Coast 
4 we y throes f Arne Cu eat ih irvey one nstance of contract research. The 
j orminent ‘ eve Defense Permanent Commission of 1863 and the Naval Con- 
) trent Conte ich as the Lincoln Laborato ilting Board of 1914 are illustrations of early ad- 


committe 


aid in reviewing these facets of 
ce.) Government ipport of scientific research”? First, it 
To recapitulate i) < ntiracto operated researct eluted to public nee d and econd. it voverned 


ntimate connection with the people. Pub 
ited officers of the Government admini 


program the more icce ful realizing the 


» derive strength from their practicing col 


of al 


ization techni 


SYMPOSIUM ON 
GOVERNMENT-SPONSORED RESEARCH 


in Metallurgy Research Program 
... of the U.S. Army Office of Ordnance Research 


Condensed from an article by Peter R. Kosting 


nance vus estal hed in it mendatior of the division regarding the ponsor 


‘ Keer cl i! development evel hip of ich propo al 


Exploratory research of new ideas 


Teese ( » APN u Funds are limited. Since there are ordnance agen 
tut thie pury ‘ of ponsoru esearch to obtain fundamental 
1) euren nformatior needed fo a particular purpose the 


he Office of Ordnance Research ha 


( exploratory research of new idea 


f N th Carolina, North qualified individual with moderate assistance 
‘ 1 Unive on the ather than programmatic research by a team of In 
Duke Ur ‘ t it Durhan N. ( OOR | ext ite to upply nformatior on a complex 

{ Il Ord ri bkistal hment operated | the phenomenon of wide current interest 
“7 The metallurgical program of the Office of Ord 
thie OMiee f Ordnanes Research ance Research prim ipally in the area of phy ical 
eh pro metallurgy. Almost 70 pet of the current funds being 
tract at us — hou lispersed are om into physical and mechanical 

heat | ocd in the en ha 


metallurgy and physics of 


Liaison on the scientific plan carried out at 
Proposals receive dual evaluation everal of the ordnance laboratories, including 


‘ tered Ballistic Research Laboratori Frankford Ar enal 


ed or f OOR and e eval Picatinny Arsenal, Rock Island Arsenal, Spring 


i 


me eferes elected b field Armory Watertown Arsenal, and the Red 

Peacearch Council of the Nationa tone Arsenal. A total of 42 separate topies are 

stir len ‘ entiv tudied under the program and 

caden inance rel these inge from the very broad to the very narrow 

, , nm metallu evaluated b However, in keeping with the goal of OOR contract 
aia more arsenal which program work, empha on theoretical topi 

{ eare! nd development In addition to the proposal ponsored by the 

ble field. These two types of evalua Metallurgical Div., there is roughly an equal num- 


overlapping 


PETER R. KOSTING is Director, Metallurgical & Engineering Sci 
ences Div, Office of Ordnance Research, Durham, N. C 


i 
ne is now here to consider the funda 
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j ) ‘ ‘ created to it through 
f ene } pt toftheys on of ar ern hie ded 
nd ¢) the advis committee complex are toda 
ad coordinatr the Federal Govern eagues and through such 
‘ } rol ole elopment effort. These pect i AIME 
1 
rere bated, put 
| 
caret caution he Office wa tendency of 
ele vir il mainit pet is divided between work on corro- 
pplied ¢ technical research design and develop on, ceramic physical chemistry, and processing 
i} 
| the ay 
! ive taken into consideration at OOR by the ber having metallurgical interest in Iii 77! 
Pechnieal We ew Panel which acts on the recom areas of chemistry, engineering, and physi 
| New basic ideas e 
needed. The time 1 
mentals upon which the engineer will build 


Some Aspects of Government-Sponsored 


Research in Metallurgy 


Although the scientific findings of the United States 
Government's vast metallurgical research program are being 
reported constantly in scientific and professional journals, the 
symposium on “The Status of Government-Supported Basic 
Research Program In Metallurgy” at the 1957 AIME Annual 
Meeting, was the first time that an overall picture of this 
metallurgical program was presented publicly by those scien- 
tists who bear the responsibility for the administration and 
budgetary management of Government research contracts. 

This paper presents the significant scientific and admin- 
istrative aspects of the Government contract basic research 
program in metallurgy and ceramics. 


by Julius J. Harwood 


INCE 1946, the | S. Government, primarily It must be emphasized, at the outset, that this re 
through the activities of the Department of De port and those reports which follow, are only con 
fense and the Atomic Energy Commission, has en rned with research being conducted under Cro 
gaged in a comprehensive contract research program ernment contracts and not with research underway 

for the support of basic research in the physical and in Government or quasi-government laboratori 
engineering science sJeginning with the pioneering The internal research programs of Department of 
efforts of the Office of Naval Research, this program Defense laboratories (e4 Naval Research Labora 
has grown tremendously, to the extent that nume1 tory), the National Laboratories of the Atomic En 
ous federal agencies have been established and mil rey Commussion, the NACA laborators and othe 
of dollars are being expended annually for thi vernment laboratories ( the National Bureau 

ole purpose l research in metallurgy phy i Standard the Bureau of Mines) have been ¢ 
of metals, ceramics and related areas in chemistry luded from consideration i dadition ince the 
olid state physics, and applied mechanics occupy 4 discussion ¥ confined a osely as possible to 
ignificant share of this overall scientific effort. Uni research hone movernment con 
versity, nonprofit, private, and industrial labora ! ! 1 progra ich a ipported by the 


tories are participating in this contract program Navy Burea of Ae i Ships, and Ordnance: 


Government organizations for 
contract research program 


This paper concerns itself only with the metallu 
gical and ceramics contract research progran 
ollowing Government agence 

Office of Naval arch (ONR), Department 

the Nat 

Atomic Energy Commission (AEC) 

Office of Scientific Research (OSR), Air Re 

and Development Command, U. S. Al 

Aeronautical Rese ch Laboratory (ARL) 

Air Development Center, I 5. Air Fe 

Office of Ordnance Research (OOR), Depa: 
f the Arn 


for 


Foundation (NSF ) 


JULIUS J. HARWOOD is Head of the Metallurgy Branch of the 
Office of Naval Research, Washington, D. C 
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te 
a 
a 
the Arn Lrsenal and the Vite il ite 
f the Wright Air Development Center, have beet an 
excluded as well as any research activities conducted e. 
inde: arious development and end-item produ 
tion contract Phi phase of the Grovernment re re 
earch progran In it own ht, of a 
ey ite presentatio Ly te these on thie 
iclivilse ol the bove-listed sever menen prob 
| 
abl comprise between YO ind YS pet of the fundu a 
mental metallurgical and ceramics research bein a9 
h conducted under Government contract Bi 
! 7 
The major purpose of the Government contract ae 
performance of research. The pre Hine philosopn Se 
' holds that the Government does not and should not ae 
completel ibsidize esearel In a real sense 
NAC A) i ment mad the ech cont “wre oint partici 
ane 
nd cont Federal funds are rovided 
f thie lance eceleratior ¢ pansion ol 
earch studie which originate with the research 
eientist thie or rese ch labo to 
MAY 1099 


Table | Distribution of Funds and Research Contracts by Agency 
as of January 1957 


bunds ontracts 


Vet of Pet of 
Total Number Total 


st f te 
$5,845,000 
Viuch of th research would be performed, regard 
‘ of Government support, but probably at a re- 
luced rate or delayed in time 
It tnwhile to note that the great bulk of 
fsovernment contracts for basic research stems from 


olieited research proposals from the outside re- 


cl cirentist. Only occasionally doe basic re- 

ch contract originate from a direct Government 
quest I esearch in a specific area. The contact 

veon the investivator and the Government re 
eurch administrator are those of sqentific laison 
hheere ! deliberate atte mipt to direct the progre 

‘ cl ather our task is one of administration 


Motivation for Government support 
of basic research 


One question which often arise refers to the ju 
tification f ich heat ipport, by the Govern 
ment, of basic research in the material science Ot 
the rag Cusol vhich can be offered, three prob- 
il tund out as the chief factor 

lL) The important recognition after World War II 

it the time triumphs of applhed science, e.g 

vd pre miity fuse und atomic energy, were the 
lirect consequences of earlher decades of basic re 
‘ ch (ol other nations, to a considerable extent) 
It ’ intversally realized that continued and 
new technological ecesses depend upon a continu- 
flow of new scientific discovers Since univers 
th ie financially unable to support research pro 

ul f the nece magnitude for this flow of 
rie knowledge, the Federal Government had to a 

ime this financial responsibility 
) ‘The re ition that the limitations of present 
dl rriaate ils represent one of the chief obstacles to 
the development of new ind advanced military 
quipment and weapons and industrial processe 
Phe cuneate ne motivation for the support of basi 


Table Il. Distribution of Total Funds by Field of Research 


Field of Research Total Funds, & Total 


nd Surface Reactior 805 79 


100.0 


and ceramics 1s the firm be- 


research in metallurgy 
lief that the more rational development of improved 
alloys and 


accelerated to a considerable degree by a more thor- 


uperior materials will be advanced and 


ough under tanding of the nature and behavior of 
the metallic state 

$) This Nation is now in the midst of a scientific 
revolution whose continued succe lepends upon 
the training of adequate numbers of scientists and 
Federal 


been demonstrated to be an outstand- 


enginee! upport of basic research in unl- 
versities ha 
ingly productive method of educating and develop 
ing research scientist 

These 


Government role in the 


three reason and other justifying the 
upport of basic research 
are, in reality, components of the important recog- 
nition that our Nation ecurity depends upon the 
maintenance of a healthy and vital basic research 


program 


Scope of Government contract research 
program in metallurgy and ceramics: 


There exist few, if any, areas of research in met- 
allurgy or ceramics in which Government contract 
upport does not prevail. Indeed, in several signifi- 
cant areas, notably research on new metal and alloy 
ystems, Government funding has been and is the 
main source of upport 

Table I shows the distribution by of the 
current (as of January 1957) contract program for 


basic research in metallurgy and ceramics of the 


avency 


even agencies under discussion. Of the $10 million 
involved, approximately 90 pct is administered by 
four agencies, ONR, AEC, OSR, and ARL. The four 
Department of Defense activities, ONR, OSR, ARL, 
and OOR, handle about 68 pet of the total funds. It 
hould be made clear that this $10 million does not 
represent the total annual budget of these agencie 
actual 


which are Cur- 


for metallurgical research, but rather the 
total annual level of all contract 
rently active, regardle of which fiscal vear finamne 


ing was accomplished 


of Research ONK 


Table lil. Percentage Distribution of Individual Agency Budget by Research Field 


Pet of 
Total 
Funding 


AKL OOK NACA NSF 
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Pet of 
Pr Chemist: and Therm« 
dynar { Metal Preparatior 480,00 47 
‘ 140 105 229 Mechanical Metallurgy 1,361,000 132 
261 21.3 Met 1 609.000 15.7 
y 277 1 283 of d 905 O01 40 
i79 4] “a9 High Temperature Material 23,001 
4 95 Metal Processing 22,006 12 
‘ i9 pecial Met ind Allo 7086 OOF 0 
24 52 Tita mid Its Alle 000 +2 
2 mo 100 10,285,000 
OSK 
24 119 24 95 16 62 79 
64 64 77 10.0 
‘ 1 The 
ue 72 27 192 47 
‘9 10 0 200 23.4 7 16 
al 42 232 ig 2 10 
j ( 14 7 12 
\ t 22 2 5.0 
uf 29 2 
Pet on ‘ 100 00 100 
—— 
¥ . . ‘ : 


Distribution of Total Funds 


e/ds of Research 


by 


High temp mats 


« 


Special alioys 


Fig. 1—The distribution of total funds by fields of research 
for the Government's contract research program in metal 
lurgy and ceramics as of Jan. 1957 


The distribution of the currently active contract 
program by fields or research is shown in Table II 
and Fig. 1. Included in this program presentation 
are not only direct metallurgical research contracts, 
but also programs in solid state physics, electro- 
which are rele- 
vant to the categori« Table III show the percent- 

tion of the individual agency's budget 
field of research 


chemistry, applied mechanics, ete 


may een immediately that the largest con- 
centrations of research effort lie in the areas of 


phy Ik of 


olids, physical metallurgy, and mechani- 


cal metallurgy, representing 63 pet of the overall 
Interestingly enough, research 
| olid by far, the 
being greater than the combined effort in 
reflects, 
not only the basic nature of the program, but indi- 


upport in 
largest individual 


physical and mechanical metallurgy. Thi 


us well the marked impact of recent advance 

particularly imperfection the 
upon metallurgical research in general 

ingly little effort along basic lines is 

the high temper 

this is due 


deformation 


ol olid 


indi- 
ature materials category 
to the inclusion of all high tem- 
tudies under mechanical met 


and partly because the urgent immediate 
for improved high temperature materials has 
ed much of the effort toward alloy develop- 

This latter phase of effort i upported pri 
ly under the more applied Government research 
ran 

lew of the growing importance of ceramic 
of high 
apphi- 
omewhat disappointing to note the rel- 


Hanic materials from the viewpoint 


al usage and electronic 


mall emphasis in this area of research. A 
rch effort on 
ompounds, etec., 1 


emiconducto! 

included under physics of 
but probably the main factor contributing to 


effor 


the lack of good basic 
received for 


in ceramics i 
proposal ponsorship consid- 
Government agencie 
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Fig. 2—The growth of the funds expended in the Govern 
ment’s contract research program in metallurgy and ceram 
ics from 1946 to 1957. Arrows indicate the years in which 
the agencies began to operate with any substantial amount 
of funds. The dashed line represents these funds adjusted 
for the cost of living using the Bureau of Labor Statistics 
index, base 1947 


most of the work in this field i 
under the more applied and development program 
One interesting feature is that. de 


alloys, upported 
pite a large in 
ize of the overall effort since 1955, the 


and distribution has not 


crease in the 
relative program emphasi 
ignificantly changed during the past two yea 


Contract distribution to institutions 

With over 450 research contracts in existence, it 
is Of interest to examine the distribution according 
to research institution. Approximately 66 pet of the 


funds are expended in universitie representing 
about 78 pet of the number of research contract In 
mechanical metal 


the areas of physical metallurgy 


lurgy, and physics of solids over 85 pet of the effort 
is underway at universities. The distribution by in 
dividual agency | hown in Table IV. Two of the 
agencies, the Office of Ordnance Research and the 
with 


almost an equal adi 


National Science Foundation, deal exclusivel 
universities, The NACA ha 


tribution between universities and nonprofit re 


earch laboratories and maintains a policy of not 
upporting research in any profit-making organiza 
tion. Some 77 universities are participating in the 


metallurgical contract research program and are 


geographically distributed throughout the country 


There are, of course, heavy concentrations in certain 


universities which traditionally have been strony 


centers in metallurgy, but it is enourayving to note 
an increasing growth amony universities which pre 
viously have not had active metallur; 


About 


industrial research laboratories are 


department 
even nonprotit research laboratori and 27 
participating iti 
the contract research program. A small percentage 
of the 
laboratories, the chief one being the 
of Standard 

In considering geographic distribution, it is of in 
terest to note that the Office of Scientific Research j 


iZeable contract re 


contract funds are allocated to Government 


National Bure aul 


the only agency which hus any 


earch program involving European laboratories 


Growth features of Government 
sponsored basic research program 


The increase in Government expenditures for the 


contract research program in metallurs and ceram 


ics has been spectacular. From about $1 million in 
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tration of research effort during the early years of 
Government research sponsorship was that of high 
Research in thi 


temperature material area wa 


motivated by the growing development in the field 
of gas turbine \ great deal of research was initi 
ated on creep and the study of the fundamental fac 
tors responsible for high temperature strength and 
resistance to deformation. Practically all current 
research under Government contract on creep and 
high temperature deformation is utilizing the con 
cepts of dislocation and point defect theorie with 
considerable attention being directed to void forma 
tion and vacancy condensation effect 


Iwo other approaches, of a somewhat lke basi 
nature, also received emphasis in the tields of high 
temperature materials: the development of molyb 
denum base and chromium base alloys and the de 
velopment of cermets (metal-ceramic combinat.ons ) 
The successful development of molybdenum alloy 
with outstanding high temperature strength prope 


tie has focussed increased attention on the othe: 


refractory metals, ¢ columbium, tungsten, tan 
talum. Some recent succe in developing ductile 
chromium-base alloys will stimulate new approache 


to the problem of brittleness in these high-melting 


body-centered-cubic metal The development of 
cermet has also, to some extent, bogged down in 
the brittlene 


emphasis in research on the tudy of the ductile 


problem which has led to the current 


matrix-hard compound interaction, in terms of frac 
ture initiation and propagation 

The single outstanding trend which has become 
paramount during the past few years is the tre 
mendous impact exerted by solid state physics upon 
metallurgical research. There is little research un 
derway on deformation, fracture, or transformation 
which is not motivated or influenced by the con 
cepts of dislocation and imperfection theory. It ha 
been encouraging to observe these concepts exert an 
influence upon recent research in the fields of cor 


rosion and cerami 


Impact on literature, education, and 
equipment 


The scientific findings of the contract research 


program are being reported continuously and exten 


ely in the metallurgical literature. About 775 
papers were published in engineering journals as a 
esult of metallurgical and ceramic research studie 

ipported by the Office of Naval Research during it 

t ten yea of operation. It may be anticipated 
that several hundred scientific papers will appear 


annually as an outgrowth of the present overall 
level of Government support of metallurgical re 
earch 

It would be meaningle if not impossible, to at 
tempt the separation of the screntific achievement 
of Government supported research from the overall 
advances in the science of metals and cerami Phe 
important point is that there can be no question 
provided a 


that Government financial support ha 


tremendous assist and stimulus to the progre 
which has been made during the pust ten years in 


all phases of metallurgical and ceramics research 


The impact on education: One of the teatures of 
the contract research program in which all Govern 
ment agencies take considerable pride, repardle ol 
whether it is a primary or secondary consequence ot 
their particular mission, is the education impact of 
Government sponsored research. Using data com 
piled by the Office of Naval Research to illustrate 
this point, some 180 M.S. degrees and 190 Ph.D. (or 
D.Sc.) degrees were pranted us a direct result of 
metallurgical and related research conducted with 
ONR financial 


lished recently by Bever on the 


upport. Extrapolating the data pub 
upply of metallut 
gists with graduate training, it appears that some 
10 pet of all doctorate degree 
vranted in metallurgy during the period of 1946 
1956 directly benefited from ONR research con 
tract The funds now beiny allocated annually for 


(approximately 475) 


university research contracts by the seven apgencie 
under consideration represent some 50 pet of the 
total funds expended by ONR during the 
mentioned period of time. It seems quite probable 


above 


therefore, that Government financial support of re 


earch, in one form or another contributes to about 
0 pet or more ot the metallurgy doctorate ranted 
each yeal 


Research equipment: Another byproduct of the 
contract program has been the increase in metallut 
gical research equipment and facilities in university 
laboratories. The determination of what portion of 
the contract research budpet should be allocated for 
the purchase by the contractor of expendable and 
Capital equipment varies from agency to agency 
his determination always is complicated by the 
realization that equipment dollars are available only 
it the sacrifice of direct research dollars. In addition 
inder most Government contracts, the Government 
etuins title to capital equipment purchased unde: 


the contract, which may lead to complex situation 
ipon the expiration of a research contract However 
inder the NSF grant program and the AEC contract 


program, equipment tithe often resides with the con 
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... of the Office of Naval Research 


by Julius J. Harwood 


oo philosophy, mode of operation, and admini with respect to financial and personnel stability and 
trative management of the ONR contract re centific flexibility 
earch program in metallurgy and ceramics have This long-range prog ‘ been one of the 
been adequately covered in the previous discussion major factors enabling th ulation or cushioning 
of the overall Government contract program. How of the basic research program from external budget 
ever, there are certain specific features of the ONR ary fluctuations. January 1957, 20 research 
operation which warrant brief consideration contracts, repre ing about 25 pet of the number 
Since its inception, the Office of Naval Research of contracts and he annual budget of the 
has maintained a strong emphasis in the fields of de ONR contract reseat rogram in metallurgy and 
formation and fracture, transformation kinetics and ceramics, were on a long-range basi 
mechanism physics of metal high temperature 


materials, corrosion, and ceramics. It is anticipated ONR coordination function 

that in the near future continuing emphasis will be There is one operational feature of the ONR 
placed in these same research areas, with increasing which tis not as well known as its contract research 
attention to high and low temperature metallurgy program, and that is its coordination function. Not 
(transformations, deformation, and fracture), tech only is the contract basic research program inte 
niques Of preparation and properties of super high erated within the overall Navy research and devel 
purity metals, and ceramics research (particularly opment effort, but also ONR bears the responsibility 
deformation behavior) for the coordination of all Naval research and devel 
opment. Coordination, we believe, is not merely the 
exchange or dissemination of information, but, more 


Titanium program 


fundamentally, it is the planned objective of obtain 
In 1952 a research program was initiated on the 


ing the most value for the Navy research and ce 


phy ical chemistry of the extractive metallurgy of elopment dollar Thu a number of intra-Nav' 


titanium. The initial objectives of this program have coordinating groups have been established for the 


been accomplished, and a book compiling the physi purpose of formulating integrated Navy program 


cal properties and thermodynamic data on titanium extending from basic research through the age of 


compounds and related materials is in the midst of application engineering. The ONR contract basic re 


publication by the Government Printing Office earch program does not operate within a vacuum 


The needs for improved high-strength high-tem but it is responsive to the growing materials need 


perature titanium alloys led to the establishment and requirements of the Navy. Lest this provide an 


of a special research program in 1955 on the physi erroneous impression, there should be no inference 


cal metallurgy of titanium alloys. Research in thi that the basic research program is tied directly to 


area was concentrated on the influence of retained # end-item development. There exists ample room for 


on the propertic and on the kinetics of A tran free and imaginative fundamental research. Our ob 


formations. Titanium metallurgy, in the future, will ective is to ensure that Naval applied research and 


be included as a component of the general physical development programs are adequately supported by 


metallurgy program of ONR the necessary basic research © that new idea 


principles, and theory can be fed, when practicable 


Long-range contracts into alloy and materials development programs, The 


The basic contract research program has been in problem of translation research findings into en 
li 


nneerin inguage | which will require more 


ulated from sharp budgetary variations. It has al 
attention in the future 
Another aspect of the ONR coordination effort 


terns from the mentific laison activitse of our 


ways been a deliberate policy on the part of ONR to 
protect the stability of its basic research prog 


from the inherent variations in supplemental Naval 
funds. The fact that the number of research cor London Branch Office. As i ell known, ONK Lon 


f 
tracts has remained independent of these fluctu: don has endeavored to facilitate the exchange of 
tion and indeed ha hown a steady increase cientific information between European scientist 


demonstrates the success of this policy ind their counterparts in the U.S 


In 1952, a significant fraction of the metallurs The Office of Naval Research has just completed 


a decade of activity in the sponsorship of research 


contract research program was placed on a trul 


long-range basis, 1.e, a sizeable number of earch contract The participation and cooperation of 
contracts were negotiated for period mentists in universities, and private and industrial 


ranging from two to four year These 


research laborator! n the program has been e» 


contracts provided obvious benefits to univer tremely gratifyin We look forward with anticipa 
tion and confidence during the next ten years to the 
JULIUS J. HARWOOD is Head of the Metallurgy Branch of the ame productive partnership between research se 


Office of Naval Research, Washington, D. C enti and the Nav: 
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SYMPOSIUM ON 


GOVERNMENT-SPONSORED RESEARCH 


« 


Metallurgy Research Program 


... of the Atomic Energy Commission 


by Edward Epremian 


wrqu Phy Sol Little 
placed Mechan ca 
ost material appl mic energ’ 
only moderate tresse ! atic condi 
n A eat deal of attention devoted to Special 
Metal Physical Chemistry and Thermodynamu 
of Metal Preparation. Item one, Corrosion and S 
Reaction is probably the most neglected 
n the whole metallurs 


ticularly in relation to its importance Je have been 


trying (without particular success) rengthen 

fundamental university research in this area, but the 

fact of the matter is that during the past vear or two 
have received few meritorious propo 


ubyect 


Areas of special emphasis 
Quite apart from the twe enera 

in describing the rogri r the t 

inalyze the ivith  Variou 


emphasi 
First there ren hig tempe! 


ire metallures tort int nade to in 


i 


crease the activity on uch F ransport 
phenomena, thermodynamics of compound olu 
ties and rates of solution of solid metals tn liquid 
| on and growth phenomena, and ga 
olubslitue and reaction 
The metal columbium has a number of at 
The AEC ha 
metal 
new extracti processt and 
ical metallurgy and properts 
Liquid met Jay an important pat 
e univer actor. The AEC has supported work on liquid metal 


iIndamental fou ul but recent! has developed a more basi 


ding of the wram on the liquid metalli ‘ tt effort in 
Invest a number f it’ on thermod: 
material ‘ pecifie h iffusion, attenuation of 


theoret or and X-ri ind neutron diffractior 


md under 4) The pre n rogram on the effects of 


onon mate ais ra frem rather practica 
effective volvin expe cle oned how 
o the properties of materials change upon neut! 

» Harwood bardment te mia fundamental nvest 

the 


emphasi or vhere irradiation ntroduce 


ects in a lattices 


EDWARD EPREMIAN is Chief, Metallurgy & Materials Branch 
Div of Research, U § Atomic Energy Commission, Washington, D C 
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PTC HE Metallu ind Materials Branch of the Re 
| ‘ h f the Atomic Fine ion 
one thie field f metallu olid tute 
pt red ‘ Phe program place particu 
it pha mn the ispects of these fleld 
ij edo and development work ipported 
Vie on ich as Reactor Develoy 
Lilita Applhieation Production ind Raw 
Mite 
$ The research program is conducted at the AEC eee 
Nit il ite ‘ at unive tie ind at certain 
i md research institutior The total pro 
i i! the present fiseal eu ibout $7 mil 
nooapy itely 60 pet of whiel at the Na 
tional Laborators The remamu 1) pet is the 
neluded thre mia Harwood on 
Research at the National Laboratori 
nature ind approach te iniversity categorie used 
eure md almost all of it unclassified, but for the n iten used to 
purpose of th paper, remarks are confined to area agencie there 
of reseurel obpoctive md some pole. pertainin ame ven increased 
fer ul verl ! researet 
Thi eseureh hit led into two general 
catervort first, investigations on materials of cur 
ried te nerease the understals 
nature and propert f In th 
ite i free hand te vith thosd 
vhich are expermentally convenient an’ 
tund new pl WOTR 
ois bon 
il tior 
Fable TI, ae 
for detailed study. In between these 
effect of irradiation or phi cal metallurgt il 


ww dor rradiation affect 


the Kinet if pr ipitation from solid solution, or 
the in f phi transforn 


lation recrystalliza 

a) m of the work on materials of 
elements in nuclear reactors 


alloy The 


potential 
has been ( » uranium and it 
AEC ha 
desirable \V funds toward an improved unde! 


tanding o i Various compounds and intermetal 


lics of 
6) Progre in many research program being 
delayed because of the difficulty in obtaining mate 
ufficiently high purity and single crystal 
The AEC urveyed some of it research 
contractors and received an overwhelming expre 
ion of need for very metals, oxide 
metallic halides, and 
ingle crystal Variou 


ing sources of supply to meet thi 


high purity 
emiconducto! including 
opportunities for develop 
demand are now 
being considered 
7) Lastly AEC 1 now laying plan 
broaden the bi olid state physi 
which in the pi has been aimed primarily 


understanding of irradiation effect 


Policies for support of research at 
universities 


The AEC approach is based on the attitude that 
tis a ting the university in doing the research 
the university v1 to do-—provided, of course 
there | In keeping with this at 


titude ibout 90 pet the project 


a common rest 
upported at the 
ult of unsolicited proposal 


convinced that it would be 


The Commi y of financial support ts 
designed to ensul university contractor ha 
a genuine intere earch and ts not merely 


undertaking a task becat upport is available for 
it. There is a joint participation scheme whereby the 
AEC and the university share the cost of performing 
the work. Not only does this policy enable the AEC 
to assist more research people with a given amount 
of funds, but it tends to assure that the academic in 
stitution has a strong interest in the research. If the 
university contribution 1 ufficient, the contract 1 
written to specify that tithe to the equipment pul 
hased under the contract is vested in the university 
The support of research by a Government agency 
based on the program concept whereby a number 
upported in the study of re 
lated top on some given subject such that the 
than the um of the individual 
being the case, the responsibility of the 
rather than end 
to the contractor; the agency must perform 


of investigator ure 
whole is greater 
part Thi 
begin 
of fund 
a coordinating 


with the provision 


function and encourage the necessary 
interaction between the research people. This can 
be achieved by facilitating the exchange of report 
and visits by the 
formal meetings and variou 
and other means. We believe that thi 
important one in carrying out an effective program 


cientists, the organization of in 
Vilipostia and seminat 

function is an 
The Commission's feeling of responsibilty extend 
beyond those whom it supports to a real concern 
and interest in the strength of ba 
inthe ULS 


search on ma 


terial 


\ 
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Metallurgy Research Program = 


... of the Aeronautical Research Laboratory 


by James W. Poynter 


A: Aeronautical Research Laboratory Wright Aut 
Development Center, the term metallurgica 
cermet ut 


research include research on ceramic 

material in addition 
ch generally designated by that term 
conducted both by intern: 

ind by ex rns uct but thi 


latte: 


magnetic and electron 


papel 
cerned only 
prepared to outline plar 
mn variou cientific field 
f additional knowledge wil 
arch 1 
called 
lanned definitely as po 
ed on the relative importance 
JAMES W. POYNTER is Assistant Chief, Metallurgical Research 


Branch, Aeronautical Research Laboratory, Wright Air Develop 
ment Center, Wright-Patterson Air Force Base, Ohio 


Force requirements, a knowl 
work now ving done in the 
eseureh 

field, and 


in and 


An invitation-to-bid 
The invitation-to-bid is a formal request 
Procurement Diy 


the | 


which 
known worke! in 
cialized field involy asking them to submit 


proposals for conductin arch investigation on 


thie tuted ibject The Tor preparation of 
bid is ij individual item o 
ule isually 


define the 


vhich research is desired 


rathe Which merel 
probiem ot 
Consequently investigator has full freedom to 


lect the ex: probiem h oO study and 


ind resourcefulne 
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ait 
description of AK« ipported project svailable 
Pt 1, 4th Ea ible from the Office Teel ‘ 
‘ Dept erce, Washington 2 D it t of 
UNIVE! ixty-five cent 
= 
| 
‘ 
the fut 
Valiou 
edge of the scient 
“urea an awarenie 
to Cupabilithe img thie 
‘ oratory to assist MM to puide the expendit of ie 
y ‘ Bul i 
rt fund 
“Al 
‘ 
how his initiative ee in the ap i“ 


‘ ACCp lon 
common with ier Government 


ARL fisc: 


inding daduri 


al 


published a fright Aid Devel 


technical report 


Unsolicited proposals Selecting research subjects 


i ish ‘ oul { ‘ ard In selecting research subjects w 


ol comparable 
Which seem to promi 
ivnificant accomplishment 


field in which much 


major importance 1 that 
tructure and properties of 
an area of work on the interactions be 
atoms, and molecules in metals, alloy 
and on the cause and efttect 
of imperfections in the lattice 
an adequate theory o 
of research in this field 
ious environmental condition 
ructure of solid These environ 
on include radiation, rapid 
cooling rute applied teady ol 
and pressure. Included here would 
po ibility of producing “a meta 
in sore " that would have 
risti Phi aurea ol 
Another area deals with the mechani 
tion and deformation behavior of 
es work on single and polyci 
tulle und cerami material The 
ted in studies on the factors controlling 
behavior of ceramuU and would wel 
work on some aspect of th 
of much current interest is the work 
characterized a electronu and naqgnetu 
The expanding program in this field and a 
large contracts are the principal cau 
hown in Harwood 
Solid Ill, p. 666 
t in this kind of re 
adequate control and ope 
weapon conce 


depend on increased knowledge 


Research contracts a of most intense 
the rate « ‘ ol knowledyve of the radiation 
1 390,000) pe viously al magnet Ler intermetall 
conductive material ete. Oui 
rea include tudie the maj 
powdel conduc 
metallic film w cond 


ote 
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I cl nd experimental technique Which he newed trom cur to year so that the investigator can 
‘ ta iT if complet piece ul it ta chi 
Mil the f il the by tl pecified date ar problem. Tt enerally requires three to five yea! 
‘ shuated to crentifie ilue with no cor 
‘ clude the ¢ ence nad the yeas pbepin the first of July Many 
eputat lf the principal invest ite the quali contracts are written or renewed during the next 
tions Of those wt Nill be associated with him u everal months. As a result, the funds available fo 
thi on the comprehension of the problem, the new work decrease during the latter part of the 
of the proposed af fiscal year and it is occasionally nece ary with the 
} ial I baa toe ate y fuciiitie full concurrence of thie to icceptled 
lillerent ligt ! eluted y ) Dew dorm by proposals lor ng the next 
hie te Kelihood of ful ill work and practically all of 
Lhe best prop i orm the i ponsored re arch fall nto this category thie 
rt elected a trie rit ict rif ot il ti i 1 
sted. If the nount hould be mh of the ‘ ilt is res 
fund ited i ‘ for the esearch are al 
vork to be done at a lower rate of effort to conform — opment Centr 
Oposal for reseure)] Work reply olt-the 
welcome them and encourage e the po 
thie ibn uw ve ter insolicited pro ither than 
‘ or thouvh ill f then aadit nal work in’ beet 
mnot be awecepted, the ja very ood way of done previously 
eurnu of the are of specialization and qualitica A fiele 
ind md ous nterested in variou or Ube 
Mind of metullus cul eseuret mpdividual Phi rie 
bye ted to bid out future esearch tween 
ibjyect ht be of interest to ther and 
itew of these ul heited proposals can be 
iwarded contracts on a sole ree ba because ot aim ot 
bis meat ~wardit A set 
il Vilhout con pet ‘ } It trie etl 
procurement police mad ‘ ilationr ‘ the nt 
mipetitive biddis is au ba for aw i mental 
‘ | if one ot ke « for pro heatin 
curement equipment ippl Consequentl chang 
cited prope eceived esearch be rest 
conventiona ipproache nd laborats procedure table ¢ 
Mist usta be handled on au competitive biddu 
It oy Vhen the unsolicited proposal it import 
ipproach to a problen When the dete 
nvest te iniquel jualified experrence and 
il ! Vhen the prope covel work on a new both 
mnie problem that procu erment on a ole quite i 
ree | bl the due 
il ifint cited propo il ait come p 
prt ‘ nated cun be evaluated, the il OOSCLY 
tiate that due cu ther ere ed few 
the proposal but that nol bility the 
immed from contidential disclosure and no obliga 
é tion neurred to accept the proposal. The proposal ticipate 
thier ‘ ! thie i Nal 1? ad it il { rere 
| the basis for a sole source contract 
field 
‘ ent 
erm 
cor 
t work 
nari 
ecthiat 
of fet 
both in the USA and abroad ind with other Gov rite radiation Hs on semiconductors and inte! 
ernment laborators ( tract almost alway) metallic compound and studi of certain inter 
vritten te ve ne vea ork, howeve the ARI metallic compounds to determine if some of thet 
pre il o planned that the contract will be re huracte tics conform to theoretical prediction 


Some Observations on Ferrite-Carbide 


S. Davenport 


Aggregates in Alloy Steels by E 


|S indeed an honor and a responsibility to have Columbia University at that time The letter 

been selected to present the thirty-fourth in thi reads, in part, as follow 

eries of Hen Marion Howe lecture established to “A 
4 i 


perpetuate the memory of a great teacher and one of 


tenite and Martensite I have not ex 


amined what Osmond im new book 
America outstandin cientist Previou Howe H 
l 


lectul ave establishes ugh standare for 
th very confusing indeed unintelligible I think 


annual AIME event been my good fortune to 

we can reconcile matters well 
have enjo. ) u lation with five of these 

present b 


former remari about austenite | found 


enough for the 
: assuming that martensite is a tran 
es on ain, Grossmann, Joan ition step between au ite at one end and 
ferrite and cementite j the othe: Above 


eritical range for teel of O to 1.80 carbon 


ton ni and Vilella, all of whom have been 

pron ly identified with the research activitse 
of th pi ization with which I am conn ter 

‘ , nnected austenite is normal state; below Ar,, ferrite and 

i opportunity to examine 

written b of or Howe in 1904. Thi 


to me since I 


cementite are normal 


The letter then continues with a discussion of 


acquaintance mond’s ideas on metallographic nomenclature 
even having ticularly his use of the terms martensite, troo 


and sorbite, including the following pointed corm 
ment 


“For common purpose unwise 


to drag them in and mi confine 


like quote prien 
letter is datelined at issing June 1] ourselves to the end stage 


ion read al I which ( Austenite 
a robably Bradley Ferrite plu 


I believe, wi - ang with Howe Osmond does not reall iow his own mind 


E S. DAVENPORT, Member AIME, is Assistant to Vice President or does not clarify his ides to othes as to 


Research and Technology, United States Steel Corp, Pittsburgh nomenclature 
TP 4485C Manuscript Feb 20, 1957 New Orleans Meeting, Thu we ee that, a far bi i 1904, the tran 
February 1957 


formation ¢ 


f austenite and the products of that 
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Howe Wemorial Lecture — 1957 
900% 
600} 4 ~ = 
a / 
\ 
‘ 
« 
PR Ree as 
Wa particularly interestin 
never had the privilege of personal _ BS, 
tit 
with Professor Howe and do not recall! 
of the fact that the letter dealt, to some extent, with ee 
would 
The 
1904." The salut 
that it 
Stoughton, who, 
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Water quench —Rc 64 2 sec—Re 62 


5 sec Re 60 5 


30 sec—Rc 41 


Fig. |—Metallographic evidence obtained in first isothermal 
transformation series at 800°F prepared at U.S Steel Corp 
Research Laboratory, Kearny, N. J., September 1929. Picral 
etch. 


60 sec—-Re 38 


configurations! How truly modern his 


in the light of our present view 


Howe’ 

formation be- 

it transformation 

of vital concern to ferrou 

throughout the world. I propose to re- 


the development of austenite tran for- 
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=. 
> 
10 sec—Re 52.5 
20 sec—-Re 46 
M2 
tion, were topies of carnest consideration eC 
those proneer pl cal met ~ : 
t blow ‘ characte tic it was of the on these matters! 
ve hor r here toda that he And now 
cul clen thie ‘ nt that the letter wa 
fii i ‘ tu euct the transtf ! it n of a havior and 
‘ mad that. at temperature it whiel products are 
fant mie truectu entitr ire metallurgist 
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Fig. 4—Isothermal transformation diagram of Ni Cr Mo 
Fig. 2—Hardness of isothermal transformation products in steel of eutectoid carbon content 
some typical carbon and low-alloy steels 


WO 


1000) 
¥ a’ INTERMEDIATE GROUP 
ACICUL AR GROUP 
4 . aor 
> 


| HOUR | DAY 


Timt CONDS 


4 


TRANSFORMATION TEMPERATURE - °F Fig. 5—Schematic representation of nine isothermal treat 


ments used in exploring the microstructure and mechanical 


properties of Ni-Cr-Mo steel 


Fig. 3—Hardness of isothermal transformation products in 
three steels of the 8600 series containing different amounts 


of carbon 


mation studies in recent yea! and to discu cel 
tain aspects of the ubject, with particular reference ex 
NTE 
to the all-important relationship between micro 
rut I rie cl ‘ 


Isothermal Transformation Studies 


In 1929 ystematic investigation of the transfor! 
i 
mation of austenite by the isothermal method wa 40 Pt 
tiated at th Laboratory t Unites 
initia | at he Researe Laborator of the I | Fit 
States Steel Corp. at Kearny, N. J., under the direc e 
tion of Dr. John Johnston and the immediate super is or 
. 
vision of Dr. Edgar C. Bain. I had the privilege of < a Ni~Cr-M 
* 
being among those who participated in some of those 
early isothermal adventure ‘ 
i he publica on in 1940 of the resul if tha ‘ 


off a erie of related 


both 


touched 


MPE RA 


Fig. &—Hardness of isothermal transformation products in 
NiCr Mo steel as influenced by transformation temperature 


quatel 


TRANSACTIONS AIME MAY 1957, JOURNAL OF METALS -679 


' r Mo STEEL 
) 
ot 
5 
- 
790 a0 oye 
| 
7 
5 
23% 8600 - SERIE EEL 200) 
o 
4 
investigations, in America and abroad, that led 
eventua o a whol new cor } OT austen 
The ‘ perimental technique empl ed HANG OMMATION #4 
thermal transformation have ade 
Gu@mmiescribed in the literature and need not be a 


Fig 7-—-Microstructure after complete isothermal transformation at 1275°, 1200°, and 1125°F in Ni-Cr-Mo steel. TOP ROW 
Light micrographs. Picral etch X2500 BOTTOM ROW: Electron micrographs. Picral etch X12,500. Reduced approximately 
10 pct for reproduction 


wever, this may be an appropriates the progressive development that was taking place 


record the metallographic evidence in this field may be conveyed by noting the several 


of the fi th nal transformation experiment excellent compilations of isothermal transformation 
conducted at the Kearny Laboratory in September diagrams that were published during that 18-yea! 
1929. This i hown in Fig. 1 The steel, containing period. Since these compilations are based upon the 
O78 pet C and 0.46 pet Mn, was austenitized at painstaking accumulation of experimental data, they 
1650 F and tsothermally transformed at 800 °F, at rve as a reliable measure of the extent of creative 
Which temperature the product of the transforma effort that has been devoted to thi ubject 
tion is bainite In 1943 the first comprehensive compilation of iso 
ginning, a tremendous vol thermal transformation diagrams covering 47 differ 
nation on the transformation behavior ent steel compositions was published and distri- 
las been developed through the efforts of buted by the United States Steel Corp. under the 
of investigators the world ove By 1939 title 
fter the work at Kearny was started, ; This was reissued in 1951 in revised and expanded 
ition In 1945, 


i existence The major items of info ation Morral published an index and a proposed scheme 


Atlas of lsothermal Transformation Diagram 
i“ 


technical literature on the ubject wi al or ver! 87 different compo 


during that period were reviewed in the of classification of isothermal diagrams for some 192 
Campbell Memon Lecture of the compositions for which data were then available 
swociety for Metals presented in 193% In 1947, the International Nickel Co. published dia 
ar period from 1939 to the pi it, grams for 24 nickel alloy steel in 1949, the Iron 
ount of additional research « thi and Steel Institute (British) published its Atlas of 
maducted and the resul rica “ay lsothermal Transformation Diagran of B. S. En 
ypical bibliography ape! Steels’ covering 24 steel compositions, and this was 
ugh April, 1949 cor d 118 items, revised and expanded in 1956 n 1950, the Mond 

e of being an exhaustive li Vor Nickel Co. Ltd. issued a compilati 

of additional papet ha ares 3 nick alloy steel with an 
1949 through 1956 1952 , the Institut 

of this extensive literature is beyond the Siderurgie (IRSID) published a compilation cover- 
ope of the present lecture. However, some idea of y $0 French carbon and alloy s and an en- 


it 
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Fig. 8—Microstructure after complete isothermal transformation at 1000°, 900°, and 800°F in Ni-Cr-Mo steel 
Picral etch. X2500. BOTTOM ROW: Electron micrographs. Picral etch X12,500. Reduced approximately 10 pct 


micrographs 
for reproduction 


larged edition was issued in 1956. Also in 1953, a 
Supplement” to the United States Steel Corp.’s Atlas 
was Issued, comprising over 400 facsimile reproduc 
tions of isothermal transformation diagrams pub 
lished in the United States, Great Britain, and Can- 
ada prior to 1952. In 1954, the Max-Planck Institute 
fur Eisenforschung, in cooperation with the Verein 
Deutscher Eisenhuttenleute in Germany, published 
an extensive Atlas for the Heat Treatment of Steel,” 
which was expanded during 1956 

In the light of these numerou compilations up- 
ported by the contributions of hundreds of individ 
evident that austenite trans- 
isothermal and 


ual investigator it 
formation including both 
continuous cooling technique hav iad a profound 


and permanent influence on the art and science of 


heat treatment 


Ferrite-Carbide Aggregates 


Let us recall, for a moment, Professor Howe’ 
keen observation that, in considering the transfor- 
mation process “much npler to con 


fine ourselve tape austenite and 
ferrite plu smenti i! n other word to au 
tenite and ferri arbi ‘ regate 

Today, metallur 
nature and char 
aggregates determine 
erties of steel. The char: 


be varied within wide limi by 


generally recognize that the 
of these ferrite-carbide 
useful mechanical prop- 

of these aggregates can 


appropriate heat 
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TOP ROW: Light 


treating procedures so as to produce the many dif 
trength ductility and 


uch a versatile enginee! 


combination of 
that make steel 
ing material 
Isothermal transformation 
lished the fact that ferrite-carbide agprepgate 
form from austenite above the M, temperature di 


ferent 

toughne 
tudie have estab 
which 


vide themselves into two broad categories of micro 
tructure, depending upon their microscopic appear 
ance and temperature range of formation. These are 
1) the lamellar or pearlitic group of structures, and 
2) the acicular or bainitic group of 
temperature 


tructure 
In an intermediate range there } 
a transition from the clear-cut lamellar to the acu 
ular mode of transformation and in this range the 
microstructure and corresponding mechanical prop 
in alloy tee] often exhibit 


will pre ently be di 


ert particularly 
interesting special feature a 
ed 
In general 
group, the dispersion of carbide in the ferrite be 


within either the pearlitic or bainitic 


and strength increase a 
lowered, This is il 


in Fig. 2, reproduced 


come finer, and hardne 
transformation temperature | 
lustrated, in terms of hardne 
from an earlier publication.” The curves show, for a 
number of carbon and alloy steels, the increase in 
tockwell hardne 
transformation temperature. In 


with decreasing isothermal 
everal of these 
indicated 


curves there is a temperature range 


the shaded band, in which the hardness fails to in 
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and 525°F in Ni-Cr-Mo steel. TOP ROW: Light 


isothermal transformation at 700°, 600° 
X12,500 Reduced approximately 10 pct 


after complete 
Picral etch 


Fig Microstructure 
X2500 BOTTOM ROW Electron mix rographs 


Picral etch 


mice qraphs 


for reproduction 


addition, freedon 
proeutectoid con 


Mo steel of eutectoid 


A requirement wa 
id all the n the investigation 
facommercial, open 


from a single bloom of 
heat, for, and rolled to 1% in 


th production 
tion of the material 


The chemical compos! 


lable I 
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Microstructure and Mechanical Properties 
of Isothermally Formed Ferrite-Carbide Aggregates 
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‘ nm tact ose couse t actuall decrease mechanical test pecimen Ir 
ry th extrieted inge as transformation tempera from the complicating effects ¢ 
ture vered Note that tl momalous hardne tituents was desired. A I 
‘ teal thi the tery iture carbon. ce 
! thie ! icture chat ‘ mi the lame! cho 
thie ‘ i has recentl been con vas tab 
! ‘ ite na serie of alloy heat 
caurbon content ! Vhich the effect qian 
to be entuated | nerease in carbon con given in 
tent, a int ted in | ; Phi othermal transformation diagram was de 
hardre manifestation vere di termined | the metallographi 
nit if iterest n developu i better No. 4 to 5) The le, ter peral 
iricte { f the elationship between micro perature range of martensite formation also iil! 
{ tire { cha il propertre te ned. These data are shown in F +. The steel 
\ ‘ ti learn more exhibit thre tvpica transtormatior characte ti 
it thes tionships, a study of the microstruc nd high hardenability of an alloy steel of the 4300 
col pertios of a Ni-¢ tecloft cla 
cart content been for | ) the mine othermal transtormatior 
; © t the ( Bain Laborator fo temperature elected for exploru the microstruc 
EF ntal Research of the United States Steel tural characteristics and mechanical properties of 
( tM ‘ «, Pa. The results of tl nve t} teel. The three upper temperature (1275 
le available to me, most ger 1200 ind 1125 F) represent the range in whicl 
ereu for presentation as part of this lecture imme ir or pearlitic structures form from austenite 
The three lower levels II and 525°F) are 
7 nthe rang n which typical acicular or bainiti 
tructure torn The three intermediate tempera 
al ture (1000 YOU and 800 epresent the range 
ft elect a steel of ullicirentl high hardenability to vith which the 1 crostructure change from the 
int init ! crost ture ! thie heat-treated ume a“ to the acicula ty pe nd where the discon 


Fig. 10—Microstructure after 50 pct isothermal transforma Fig. 11—Microstructure illustrating two-stage isothermal 

tion at TOP: 1000°, CENTER: 900°, and BOTTOM: 800°F transformation at 900°F in Ni-Cr-Mo steel. TOP: 10 pet 

in Ni-Cr-Mo steel. Nital etch. X2500. Reduced approxi transformation, CENTER: 50 pct transformation, and BOT 

mately 50 pct for reproduction TOM. 100 pct transformation. Nital etch X2500 Reduced 
approximately 50 pct tor reproduction 


tinuity in hardne trend occul with decre: in formed ; 1000°F the lamellar characteristic 
transformation temperature This hardne discon at in olated aren 
tinuity int Ni-Cr-Mo steel involved here hown r ally disappeared. At the 


in Fig. 6 tw m ri ! rite-carbide reprate 
Attention | i the scheme adopted for aci ar rather than the nodular 
depicting the lamellar, intermediate and aciculal! { ration , vy f in carbon steels tran 
yroups of ict that a dot-dash line for 
lamellar, for intermediate, and a dash 

As mentioned earlier, the interme 


re ion betwee distinctly lamellar and di hardne trend pre men 


tinctly acicular structures is of particular interes completior ransformation. ths 


because of th pecial microstructural and mechan! acicular groups of rod 


cal property featur rbid in th matrix. It is interesting 


Microstructure 
and 9 illustrate the moicrostructure Table | Chemical Composition of Ni Cr Mo Eutectoid Steel 


of complete i el transforma 


ment blement 


mventional 


X2500, and | 


dot 


entati 


ng the inte ro name! for! I lo ran rmation temperat 


oduct 


1000 G00 and 6th m ra ! ran with é whe! p 


and unifo 
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it¢ 
‘ 
tion at each of the nine temper iture elected for Vet 
! 
investigation. The micrograph how representative Bar 
fields for each temperature level a evealed by the . j 0.40 ae 
microscope at a magnification of f 07 
the electron microscope at X12,500 
Fis 7 how the three tructure comp! the 
amellar group. As would be expected, the pearlite to note that tl 800 F product resemble in Sore a 
become finer and the tructure le distinetl] lam respect thie peariity tructure ibly 
ellar a the transformation ten perature decrease one basic difference in the form of the carbide in 
! ri 
By comparisor with the u 1 re ilar pea te of peariite ind bainite may be that they are plate like ae 
most carbot tee] th erie illustrate the ter in pearlite and rod-like in bainite Microscopi ox aa 
dency of pearlite in alloy steels to be I perfectly amination of etched plane irfaces Hes not resolve ss) 
lamellar than in plain carbon steel this question with certainty ae 
the three tructure comt Fig. 9 shows microstructures represHBVe of the 
I 
nity 


( responding to an average impact value of 15 ft-lb 
WO was chosen; this criterior used throughout the 
YR 
followl aiscu on 
Fy 12 shows the room-temperature trength 
properties plotted a i nst isothermal transformation 
iture The Value for ter if trer th, U 2 pet 
- f ‘ offset eld stre ind eld-tensile itio follow the 
eneral | itt i the hardne Value prev 
» 
TENSILE STRENGTH ously hown. Strength increase as transformation 
2 a NY a ng. “ range and even on down to 900°F where the mi 
» 190 aor” * TRESS 09 crostructure has lost most of its recognizable lamel 
lar characteristic At 800 F there is an unmiustak 
- sible decrease treneth corre pondir te the drop 
A abl rej n I ri din 
hardne u ociated with th level Strengt 
TENSILE RATIO an? again rises as transformation temperature decrease 
) 
, ¢ s below 800°F. Thus we find that strength, hardne 
i 
and microstructure follow a mutually consistent 
Of 
4 pattern 
af . Fis 13 shows the room-temperature ductility and 
‘ 
" toughne properties plotted in a similar manne! It 
yy ( een that reduction of area value ncerease a 
TRANGFORMATION TEMPERATURE, °F transformation temperature is lowere d through most 
of the pearlite-forming range and then fall off ay 
Fiq 12 Relationship of strength to transformation tempera preciably in the interm diate range reaching a 
ture in tothermally transformed Ni Cr Mo steel 
minimum in the vicinity of 900°F. The values ris¢ 
avain as bainite } formed in the 700° to 600°F 
i eri of the ranve. eventually decreasing as high-hardne bain 
7 ite reached at the 925 F level 
nt ma bye loful te ale 
he tal clo ition value rease more or le regul irly 
‘ i ra | ructure vith transformatior temper iture ove! the vhole 
j ot thi nif Pay, rotuyr 
teri hia temperature range invest ated with « entiall no evidence of 
te BOO he nat 
lis iture of these the intermediate region. 
‘ fin partiall urp! ince em i} recovutl ed that elor 
he gation is not a particularly structure ensitive proj 
ert 
l-etehir Pouvhme decreust marke nm the ntermed! 
ind ots on contrastil! harpl t} the better 
metry re touchine exhibited +t the pearliti ind 
er ! tructure f med at immediately } her and lower 
tent ‘ iy ‘ tie this 
! shat transfor ition ten pr iture pect vel 
intered in plair It nteresti t note that vithin the pearlitr 
thie ter ‘ itture 4 
er reduction of area ar ou ri mprove 
vith increasit finene of pearht The improve 
OOF coded | thie eparat ra 
! i fe The transf mation 
t} ‘ let with th f mat of the 
ite The transt mit n 4 4 
€ YO 9,9) 
‘ 
i ‘ ij i publication and 
‘ istrated in wicular fe te ur REDUCTION 
OF ‘ ‘ 
i ed} oth é 
tivat z f 
~ 
ry tecel let u now 2 2 ‘ 
> 
u 
med nally TOUGHNESS N 
pe ime i i oo a 
° ‘ 
a <a 
Mechanical Properties «300 Ba 
‘ mpact propertie were determined 
hustenit 1700 F (Crain Size 4 to ELONGATION 
! mally t nsf med at each of the nine 
ter ture ised f microstructural studi 
tompe et vere conducted u 
th t test tandard V-notch Chary mer 
TRANSFORMATION TEMPERATURE °F 
i litable il of tempe 
ture ind the ene ibsorbed was plotted against Fig 13—Relationship of ductility and toughness to trans 
fest tempe ture From these data i comparative formation temperature in isothermally transformed Ni-Cr-Mo 
touphne criterion based upon the temperature cor steel 
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g & 
REDUCTION OF AREA sq. 
« 


40> 


ELONGATION IN | ® 


TRENGTH-19000 


Fig. 14—Mechanical properties of quenched-and-tempered 
Ni-Cr-Mo steel plotted against tensile strength 


ductilit accompant¢ an increase in 

trength, contrary to the usual relationship between 
a ‘ Of tie I} may be the net result of fine 
( bid lispe or ma mall ferrite il! ‘ ! 
the finer pearlite 

While the present investigation was limited to a 
ngle teel, the accumulated evidence of many iso 
thermal transt mation studie on a wide variety of 
tec! ndicate that the observed microstructural 
and mechanical property effect n the intermediat« 
a ! lo not onstitute an olated instance, but 
probably represent a rather general case at least 
among allo ter Gensamer and co-worket! 
investigatin plain carbon and manganese tee] 
obtained re Its which are generally consistent with 


Comparison of Properties: 
Isothermal Vs Quench-and-Temper Treatment 


It was thought desirable to compare the mechani 
cal properties of the isothermally transformed steel 
with the properties of the same steel fully quencl 
hardened to martensite and tempered so as to e1 
compa the ame range of strength and hardne 
Hence a quench-and-temper series was prepared 
ind tested. The followi comparisons reveal the 
relative merits of the two seri of ferrite-carbide 
averegate one having formed directly out of au 
tenite, the other havi been derived from marten 


com 


and 


k 14 show the properts of the que nceh-and 
temper eries only, plotted a i function of tensile 
trength. Ductility decreases regularly with increase 
! trength, and there is a pronounced drop in 
toughne at the higher strength level Irregular 
tie ich as those encountered in the intermediate 
egion of the othermal sernes, are absent in these 

rhe discontinuit n the strength trend in the iso 
therr ( create i prot lem in plotti I 
‘ ‘ f tl ‘ is a function of strengtt hile 
it trie ime time matintainin the orderly equence 
tt il formation temperature Th Wa handled iY 


15 for three selected prop 
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TENSILE RATK 


Fig 15—Selected mechanical properties of tsothermally 
transformed Ni Cr Mo steel plotted against tensile strength 


The isothermal transformation temperature 
involved in each cuse hown near the bottom of 
the chart, which ts divided into two seeument A 


vontal strength seale of each se 
duplicated in the vicinity of the break in 
the chart. This permit etting around the cireum 
tance that the strength of othermally 
transformed at 800 F fall between that of pect 
mens treated at 900° and at Ff 


portion of the hor 


ment 


pecimen 


The difference properti of the isothermal 
eries and the quench-and-temper seri is 
trated in k 16 through 20. In each chart the mid 
dle point on the quench-and-temper series curve 1 


common to both seyments of the chart 

Fig. 16 shows that the 0.2 pet offset yield str 
values for the isothermal series are generally 
than those for the 
though the 
trength level. Fi 17 show i 
for the yield-tensile ratio value The pearlitic struc 


quench and tempe! eri al 
approach each other ut thie h hie 


imitlas Comparison 


tures have a consistently lower ratio than the quench 


ind-temper structures of comparable strength but 


ut the highest trength, bainite pl iticall 
alent to tempered martensit 
Figs. 18 and 19 show the yperior ductility of the 


quench-and-temper structures a compared to coarse 


pearlite and a reversal of th elationship at the 
higher strength level vhere bainite hows 
all iperior ductilit except at the Vel hivhest 


qucire h-and 


Lempe tructure ind that the bainite ure perio 


Ferrite Carbide Aggregates Formed During 
Continuous Cooling 


The foregoing comparisons have demonstrated the 


lifference in mechanical properties of two series of 
ferrite-carbide aggregates of fundamentally differ 
ent origin-——-one esulting directl from isothermal! 
transformation of austenite the other from tran 


formation to martensite followed b temper 
With the exception of lower bainite, the propertis 
f the othermally formed aggregates were shown 
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ux D « j 
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+100 
i 4 | REDUCTION OF AREA ‘ 
TEN TRENGTH OOF Foils 
the present finding ie 
ite In these comparison the properts are plotted trengeth 
igainst tensile strength elected as a factor =—_—< fj 2) chow , milar comparison in terms of Cae 
mor to both the othermal and the quench-Hi thie elected touvhme erite or It clear that the 
temper s pearlites are definitely inferior to the i oe 
at the high strength level Re a: 
ag 


— 
‘ 
NCH 
AND a 
TEMPER 
a 
50} 
& 


4 
> 
5 
| 
SU THERMAL 40 
| 
u u 
ule . e 888 8 8 
WO 5 175 175 200 225 250 275 
‘ ‘ re 22 oy 
TENSILE STRENGTH- 1000 PS! 
TEN THENGTH- 
Fig) 16—Comparison of yield stress in Ni-Cr-Mo steel os Fig 18—Comparison of reduction of area in Ni-Cr-Mo steel 
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Fig 17--Comparison of yreld tensile ratio in Ni-Cr-Mo steel Fig 19 Comparison of elongation in Ni-Cr-Mo steel as 
as quenched and tempered and as isothermally transformed quenched and tempered and as iscthermally transformed 
to be penerall nferior to those of tempered mat Mechanical test pecimen were continuously 
tev te ooled from an austenitizing temperature of 1700°F 
] | wet heat t trnent t me f ! it each of five different rate These coolin rate 
' ‘ with ibsequent ter vere elected to de velop structure rang. from 
‘ I} bye truectu ifter heat itment ipproximately 100 pet martensite to 100 pet pearlite 
t t ered mart te, mixture of \ll specimens were tempered at 1200°F for 20 hr to 
! te md tempered d ect if obtai ‘ entially a commor tev ile trenett a 
wt While 100 pet tempered martensite ba for comparison 
jul th il of heat treatment, practica | 21 how the five cooling rate ised, ¢ 
ition ofter make t nec il to accept pre ed as the average rate between the Ae, and M 
ht ! ‘ iticularl Vher i e masse of temperature While not quantitatively apphicabl 
ate nvolved. The question naturally arise the othermal diagram is also shown, in view of the 
these direct transfor fact that ip to thi point, many of the data on thi 
lucts result ibstantial damage to me teel have been presented in term if othermal 
pert \ \ fata itir transformation behavior 
Ve rie thie N M ten te pe iture il ‘ vithir cl t il fo i 
tior presumed to have occurred durir continu 
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characteristic cro 
ular refet 
tructure lamellar, 
percentage of the 
icroconstituents found the ecimer 
continuous cooling are indicated in the lowe: 
of the chart. It i ignificant that, altho QUENCH & TEMPER 
ve cooling rates yielded structures coverin 
e from essentially 100 pet to 0 pet m: 
e proportion of intermediate tructure 
exceeded 5 pet 
mechanical property t results are imma! 
propertse are plotted 
iat the chosen tem 
ilt comparat 
except for 


lowest rate and 


line. All other properti 
the cooling 
percentage of m 
as not until the st: 15 175 175 200 225 
ut the lowest TENSILE STRENGTH- PS! 
properti howed marked in 
tempered martensite Fig 20—Comparison of toughness in NiCr Mo steel as 
ilar steel, tempered at a rela quenched and tempered and as tothermally transformed 
temperature, failure to achieve a 100 pet 
‘ ‘ TIME - SECONDS 
martensity ure entailed only a small sacrifi 
In properties, except when very ? amount 


ere formed as a 1 low coolin 


have definitely 


ORATION 
different carbon « HANG 


hese relat would certainly 
Undoubtedly } more hypoeutectoid 
would be the tendency 
and intermediate tempet 
te and the more adverse the _ My 
effect upon mechanical properti 400 
It nece ary to select alloy tee! for COOLING RATE, °F / MIN 
heavy forgin and like, which are ometime Os 
ndably cooled at ute lower than the Oo STRUCTURE % ACIOUL AR <2 23 
ritical cooling rate: and vet optimum ZMARTENSITE 96 75 16 
ays desired. This ec: 
carbon and alloying Fig. 21-—Cooling rates and resulting structures involved in 
rmation of ferrite aril continuous cooling studies of Ni Cr-Mo steel 
tructure and to promote 
temperature acicular prod TEMPERED MARTENSITE 
finarily defined, ma‘ Yer 
pects. A better 
influencing 


rmediate ran ! ! 
better alloy 


| 
AMER 
| 


Recapitulation 


\ 


rimental data pre 


and mechat 
e-carbide aggregate nan alloy 
carbon content. For presentation 
repate as formed dit 
otherma!l 
ies de 
iral appearance 


temperature 


Fig. 22—-Mechanical properties of Ni-Cr Mo steel as cooled 
continuously at the five different rates shown in Fig 21 and 
tempered 20 hr at 1200°F 
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Peritectoid Transformation in Ag-Al Alloys 


by ( W Spencer, R J 


ao | tud has been made of the 

‘ rst mation as it In two 
\ \ rit nis 6.0 and 6.9 wt pet Al. re 
eat ‘ Vite ‘ ! tit at 475 C, these allo 
ere tras ed thermally ist below the pet 

ect ts ‘ ‘ hicl at about 450 C 

Peritect transf ition thi illoy ten 

t! eaction f and to form yp. The 

ot es of the ind phases have beer 

Tor eal e-centered-cubrm manpvanes¢ 

nd hexapyonal-close-packed, respectively At the 


C W. SPENCER. Junior Member AIME. formerly Research Metal 


lurgist, Metals Research Laboratory, Carnegie Institute of Technol 
ogy, 18 associated with the School of Chemical and Metallurgical 
Engineering, Cornell University, Ithaca, N.Y. R J. KNIGHT and 
F N RHINES. Member AIME, are Assistant Research Metallurgist 
Metals Research Laboratory, and Alcoa Professor of Light Metals 
Dept. of Metallurgical Engineering, respectively, Carnegie Institut 


Pittsburgh 
Manuscript 


of Te« hnvlogy 


TN 397E Sept 14, 1956 


688..JOURNAL OF METALS, MAY 1957 


Kini 
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peritectoid temperature their equilibrium composi 
lions are approximately 5.85, 7.02, and 7.24 wt pct 
(19.92, 23.2, and 23.8 atomic pet) aluminun The 
t nsformation might be expected to occur princi- 
| it the interface between the a and but ich 

not the « ‘ Instead, the major part of the trar 
formation oceut by the direct (and perhay n 
tially diffusionle ) conversion of to ». The con 
position range of the forming » nearly over! i} that 
of the parent at the temperature of transformation 
o that little, if any, composition change its required 
Transformation proceeds by the nucleation of » at 
point ipon the external surface of the imple and 
weeps through the phase, leaving the «@ initial! 
almost undisturbed. Subsequently, the a phase pat 
ticipate in the transformation by being partly or 
totally converted to py 

Specimens approximately 1/4 x 1/4 x 1/16 
vere cut from cast ingot previous! equilibrated 
68 } it 588 C. The specimens were held fo hr at 
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lec 

; 

i 


Fig. 1—6.0 wt pct Al, quenched 


| 


Fig. 5—6.9 wt pct Al, quenched 
trom 475°C, in the phase 


tield| Small areas are «; ma 428°C, 
trix is large white 
dark) 


20 cu cm H.SO,, 12 cu cm NaCl 


the re 


to comple tion 


ction wa 
on the 
One point of nucleation | 
continuou us is the case 
le than 60 The progre 


men 


ot ome 


ufficient if 


basi 


of tran 
Fig. 2 


min at 


juenched from the 


The i 


pection 
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from 475° C, in the « phase mally transformed 
field. Heavily outlined areas 428 C. twinned), 
are «, twinned grains are « outlined), and « (dark) 


saturated solution), 


formation 
The 
reaction temperature 


completely consumed by 


Fig. 2—6.0 wt pct Al, isother 
1 min at 
heavily 


Fig. 6—6.9 wt pct Al, isother 
mally transformed 2') min at 
small white islands), 


area), and 


All specimens were etched in a freshly combined mixture of two solutions, consisting of | part of a solution containing 6 g K.Cr.O 
and 300 cu cm H.0 to 5 parts of a solution containing 40 g chromic acid 
and 360 cu cm H.O. X150. Reduced approximately 25 pct for reproduction 


968 C, after which they were cooled lowly to 
475 C. They were then immersed in a salt bath for 
isothermal transformation 

The structure of the 6.0 wt pet Al alloy a 
quenched from 475°C in the a + ¢€ phase field i 
hown in Fig. 1. A dark etching boundary separate 


the two phases; the a phase is twinned. Upon iso 
thermal transformation at 428° +2°C, the » phase i 
first observed at times of 30 sec to 1 min. Usually 
two or three points of nucleation are found in any 
one polished cro ection, although in some peci- 


observed to proceed almost 
point of nucleation 
the 


phase | 


for 


the 


when the dihedral angle i 
in | 
ample 


in 


approximately 4 min 

soon after the ¢ to w reaction has gone to comple 
tion, »w is observed to precipitate in the a twin 
boundarl as | hown in Fig. 3. This reaction i 
low, taking several hours to go to completion. Afte 
17 hr the structure, as shown in Fig. 4, is essentially 
at equilibriun 

The 69 wt pet Al alloy, when quenched from 
475 ¢ composed of «@ distributed throughout a 
mat ee Fig. 5. As in the previously described 
Cust icleation of w occur! ata few poin upon the 
‘ ternal irface ind the transformation proceed 
through the continuous ¢ phase, as shown in Fig. 6 
Many cracks develop in the brittle » during the 


Fig. 36.0 wt pct Al, isother Fig. 460 wt pct Al, isother 
mally transformed 4 min at mally transformed 17 her at 
428°C; « (light) and u (dark) 428°C; light) and « (dark 


Fig. 7—6.9 wt pct Al, isother Fig 8—69 wt pct Al, isother 
mally transformed 18 min at mally transformed 17 hr at 
428°C; light islands, 428°C: (light) and (dark) 
rounded outline), (white is 

lands, jagged outline), and 


dark) 


transformation (or subsequent quenching). In lates 
tages the interface between the advancing p and the 
parent © become errated, as is shown in Fig, 7. The 
to» transformation goes to completion in approxi 
mately 30 min. After 17 hr the tructure is com 
posed almost entirely of », with a few small parti 
cles of a remaining, Fig. & 

X-ray powder patterns taken of the tructure 
hown in Fig » 7. and & (the 69 wt pet Al alloy ) 
have confirmed the presence of the phases dise ed 
at the variou lupe of the transformation No 
transitional phases other than p, which may not be of 
equilibrium composition, are present. The hexagonal 
close-packed has a c/a ratio of 1.629; the e« value 
is 4.670A. The complex cubic » phase has an a value 
of 6.945A 

This mode of transformation is probably fairly 
common among peritectoid tems. Cases in which 
the composition range of the low temperature phase 
overlaps that of one of the high temperature phase 
rer rou The Metals Handbook indicates thi 
condition in many tems, including Ag-Cd, Ag-Zn 
Cb-Fe, Cu-Si, Ni-Si, Ni-Zn, and Sn-Sb 
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Thermodynamic Properties of CS And 


Solutions of Sulfur in Carbon-Saturated Liquid Iron 


A study has been made of the equilibria, at 1600° and 1800°C, between dilute solu 
tions of sulfur in carbon saturated liquid iron and gas mixtures consisting, initially, of 


argon and CS 


By comparing the results obtained with those of previous workers on the 


corresponding H.-H.S-S in carbon-saturated liquid iron equilibria, the equilibrium sulfur 
pressures over these melts and the standard free energy of formation of gaseous CS have 


been obtained 


by C 
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J). B. Fincham and R. A. Bergman 


and fixing the free energy of formation of HS more 


uccurate ly 


rhe main purpose of the present investigation wa 


to measure the free energy of formation of CS 
which was still in considerable doubt. For example 
it 1600 C. it could be estimated to be 6 +25 keal 


per mole most of the uncertainty being in the 


value of the dissociation energy 
A secondary 


letermine more 


purpose of the investigation was to 


accurately the equilibrium sulfui 
pressures over dilute solutions of sulfur in carbon 


aturated liquid iron 


General Method 


ulfur in liquid iron, saturated 


Dilute solutions of 
with carbon, were brought to equilibrium at 1600 


and 1800 C, with known gas mixture con ting 


nitially, of A and CS,. After equilibr 
reached, the melts were que nehed and analyzed for 


ium had been 


ulfur 

In the high temperature region of the furnace, an 
equilibrium was set up between the various possible 
ulfus pec and compounds in the gas phase 


namely, CS, CS, S,, and S 
that the amounts of S, and S, are negligible at these 
temperature 

Mort and 


Liberman’ had previously 


guch) and Kitchene1 
tudied the corresponding 
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t 
“1 ed the d clation energie ‘cs ind § the heat of 
iphite nd the impt t t the entroy f 
f t is the as that of CO 


mixtures consisting, initially if 
H,, HS, CS 

phase 
The equilibrium S, pressu is system could 
not be calculated accurately because of the unce: 
tainty the free energy of formation of CS. Fo: 
H.-H.S-CS gas mixtures, in equilibriun 
with graphite and 1 atm of H, at 1600 C 
and lowe! 


example, for 
the uppe 
uncertainty limits (quoted above) lead 
O ratios of | p of 2.8x10° and 19x10, respec 
tively These 
mately 


ratios give values of ps of approxi 
3x10° and 9x10 atm, respectively, for a 
containing 5x10° atm of HS 
comparing the results of the present 
A-CS, mixtures with those ob 
tained using H.-H.S mixtures, the free 

mation of CS can be evaluated much more accu 


us mixture initially 
However, by 
Investigation using 
energy ol 
rately, and the equilibrium 5S, pressures in these 
tems determined. The details of the calculation 
are set out in a later section 
In performing these calculations only the result 
the results of 
Sockris, and Liberman were 


of Morris and Buehl were used, a 
Kitchener 
» be le reliable for the following reason 

The results of Kitchener, Bockris, and Liber 


how considerable scatter, indicating some large 


considered 


experimental error. The reasons for this seatter are 
not obvious, but in the light of a later paper by 
Kitchene and Spratt,” and the ex 

the present author it may have resulted from 


aturation in the time of the 


perience 

failure to reach carbon 
riment 

The results of Morri 


obtained using the same techniques and 


and Buehl for carbon 


aturated melt 
Elvander, and Chip 


the carbon agree 
of Sherman 
man 
$) Morris and Buehl obtained results at several 
temperature Thus, the entropy of formation of CS 
Since it is likely to to 
that for CO, it would provide a check on result 
Kitchene: and Liberm: Work only 


one temperature 


could be obtained 


Experimental Methods 


A known flow rate of commercial 
flowmeter) wa 


Gas Mixtures 
argon (measured by a capillary 
purified by passage over soda-lime and anhydrou 
magnesium perchlorate Calculations based on the 
tability of COS' showed that the 

0.001 pet) 
vligible ef ton the result 

A smal 
the main flow and pa through a bulb containing 
liquid carbon disulfide, The 


mall amount of 
would have a 


fraction argon was diverted trom 


vapor pressure of CS 


was held constant by immersion of the bulb in an 
water bath. The amount of argon diverted could 

be controlled by a needle valve. The A-CS, mixture 

combined with the main flow 


formed wa 


and the resulting mixture could either be made 
flow to the 


tem 


reaction furnace or to the g analy 
Reaction Furnace and Temperature Control 

furnace used, shown diagrammatically in Fig 

f in which a graphite 


both 


i mple tr istance irnace 


rved a 


through 
bolted t he 
end plate Th nermitted the tube to lide freel 


but kept 


two dri 


ich were furnace 


during thermal expansion or contraction 
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ARGON 


Diagram of graphite resistance turnace 


7 
y 


Z 


Fig la 


4 


Fig. 1b—Diagram of 
graphite reaction 
boat 


entry of air into the furnace case to a minimum 
The power connection 


block 


were made by split graphite 
clamped to each end of the furnace tubs 

Loosely packed acetylene-black was used as in 
ulation, and a stream of argon was flushed throug! 
the furnace case to prevent oxidation of the insula 
An extensive 


used to prevent overheating of the fur 


tion and reaction tubs Wwater-cooling 

tem wa 
nace case and connections, and to facilitate quench 
ing of the 


The graphite tube used 


furnace tubs 
lightly 


omewhat more porou 


amples at one end of the 
Were porou 
alter 


analyses of the ingoing and outgoing 


when new, and became 
Unt However 
vus mixtures, in the absence of a metal sample 
howed that thi 


the composition of the A-CS, mixture if the argon 


porosity did not significantly affect 


pressure was kept equal on both sides of the tubs 
The experimental results for these tests are shown 
in Table I 

Power was supplied from a step-down transformet 
which Wa fed by a Varia 


fluctuations were 


autotranstormet! 
voltage kept to @ minimum b 
voltage former on the 
With thi tem and 
furnace tem 
at 


means of a constant 
input ide of the Variae 
manual adjustment of the Variac, the 
held teady 


1800 C. The maximum temperature in the 


perature could be within 


furnace 
tube was constant to within ©5°C over a length of 
tin. at 1800 C (somewhat longer at lower tempera 
The power requirements of the furnace were 
only about | kva being needed to maintain the 
at 1800°C 
The temperature was measured b 
Leeds and 
pyrometer through the end 


Northrup disappearing-filament 
window 
onto the end of the reaction boat 


The ysten Wi 


temperature silv iron, and 


calibrated rings the ap 
parent melting 


platinum, which were held in alumina-lined graphite 


bout No contamination of the samples by carbon 
A found 

hown in 
rom pul pri i rod Rach boat had 
drilled into it 6 that two could 
ised at one 


Materials 


aviti ample 


Matthey and Co. Ltd 


tandardized pure iron 


Johnson 
arly experiments this put 
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Fig. 2--Graph of ingoing partial pressure of CS. of ingoing 


rato p p vs final percentage of sulfur ‘by weight) in 


carbon saturated liquid tron at 1600" and 1800°C 


Table | Tests on Porosity of Graphite Tubes 


Ingoing 
Nim 


fhulgeing 


Procedure Phi 
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Atm 


Methods of 


Analysis 


aicohol 
ution of a cxanthate 


tandard 


rption 

ubout 

ethod tried, 
roducibility of the result 
500 C 


but 


CuQ) at 
the 


and SQ, tormed 


ne thi ! hod agreed, with 
eattel those of the 
Experimental Results 
Preliminary Tests —A numbe 
re carried out in ordet 
ach equilibrium and the effect 
esults 
ound that the 
of the 
irable to art 


to the 


time required to 
order of several 

ret ae 
contents close 


ulful equilibri 


Table Il. Experimental Results 


Duration 
of Kun 


Ingoing 
j alu 


Atm Min 


Pets Pets 


attainment 


rmal 


within the 
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analyzed for ilfur by the tandard combustion 
method. The samples were heated to about 1270°C 
‘ , in a stream of oxygen, and the evolved SO, wa 
2 ibsorbed in acidified water and titrated with a 
tandard potassium iodate-iodide olution, using 
: tarch as the indicator. The method wa tandard 
1 ' Zed by ise of US Bureau of Standard analyzed 
4 Lent ample havin ulfur contents in the appro 
priate range Phe accuracy of the method was about 
pet of the ilfur present for samples containing 
ore than U.1 pct oS 
The A-( vas mixture were analyzed for CS 
4 A by the xanthate method Phi as mixture wa 
bubbled through a freshly prepared 5 pet KOH 
‘ lorn Thi W then titrated 
against 4 Soe olution at a closel con 
trolled pH Value At all flow rate used in these 
eee experiments, the CS, was completely absorbed it 
the first a .ecurat of the 
method w 
Anothe led becuuse ol 
eat Howe ‘ Nia founda lack of rey Wil oxidation 
thie on eached ituratior f the CS absorption and 
hite wa tive low, especiall rh the weiehu Results ob 
if ! i ecment Vill thie tia nthe experi 
‘ f ma pratt thate method 
ted afl ron iturated vitl 
time required 
te a flow rate 
os 
fest No i reach equ 
li il It wa 
ona ane Value and 
f pure mn and aphite powder in a graphite ee 
thie contaimed iron, carbon, and sulfur 
pred is leat sinner. but with the Kun lemper | Initial Final 
wal pure rh alic con No ature, 
OY cl 
le | Ippro ute amounts of the 277 
two we ht usually used 4 282 
254 
Was about 2 l4 2:42 
furnace was brought to the re an 219 
juited te perature i flowin il osphere ofl 
i ! Lure Vi then tarted and ( 
j 1 thy ‘ cot two deter nation Vii int i2 192 
ported a thie i tion duril the run At 4 
» ‘ i i nificant found be 
eon the tw ana : ‘ ‘ 
thien nserted rites thre furnace imple were 
ead te e hie und lowe lifur concen ‘ 
tration than the expected equilibrium Value o that 
uilibriu vas approached from both sides in each 
‘ ‘ ent uri the run te perature measure to approach equilibriut from both ice in each 
ent vere taken at frequent interval ind an experiment. The times used are reported for eact 
idjustments experiment in the table of results, Table I 
\t the end of the expe ert, thie ample were Variation of the as flow rate between 9 and 17.4 
lich te ‘ ied end ot the cu cn pel (meusured at ) caused no 
furnace tubs vhere the vere quenched ver ficant difference in the results obtained. This ind) 
raupidl Kefore che cal analysis, the carbon de cates that errors due to thel diffusion or non 
posit on the irface of the imple wa ved equilibrium va were 
| 957 


flow rate o 


negligible. A 
WW used for all the 


Th 


Results 
rable II 


e tinal re i 


t 1600° and irection of the 
the 
equilibriur 
0.36 pet S 
tarted a 


have uff 


direction (} h al 
hould } tha thie pol 
’ 


} 


markedly fron he 


vel (0.98 p and 
Thi 

which started 

rhe result \ ri 


rated with ri il are 


and Buehl’ for 
also shown and 
in the ingoing gi ight hand 
ulfur (by ht) im the 
The values of p } had to 


corrected 


are plotted as } 
cale) \ percentage ofl 
metal at equilibrium 
be calculated from the 
Morri Buehl. This wa 
the outlined in 


Wa l 


values reported b 
the 


pay 


done 
thei 


Core 


and 
calculation 


atm 


Tablle Thermodynamic Data Used 


Keaction standard Pree Energy Equation Keference 


1600 
ill cl 

hy concentri aiumimnum 
Calculation of Results 


? 


consisting initi 


HS 


ture 
and 


and 


thie 
pal 
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carbon saturated 
1800°C 
1600 °C 


sulfur over 


Fig 3 


liquid 


Equilibrium pressures 


1600° 


alloys at 


sulfur alloys at and and over 


carbon free liquid iron sulfur plotted as 


p vs atomic pct sulfur in the tron 


the 


reaction 
and 


‘ pectivels 
Combining 
atm 


equilibs 
temperature can 


calculated tro and Buehl a 


thie pre n atio au knowledge of 


and kK 


ovlal 


it 1600 C point 
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= 
10 cu cm per sec at sty 
ial experiment 
obtained are listed in : 
Fig. 2 shows a plot of n the ingoin 
ka vs the final percentage by weight of sulfur in ° oo) 
. 
‘ ‘ es quote ‘ ‘ t 
phere ‘ 
- 
also e 
ay t 0.0 4 
pe = 
and by a H, + HS 
uming that pu, of their results at 
mad » and a that 
(i) 
[6] 
7 ' 44,2 4607 Using Eq. 6, the value of ps, i hoa oe 
} ‘ 1 747 
given Fe-C-S allo ata pive 
ried out in at nd an 
“rie 
il contained a “ 
vhere K, and K, are the equilibrium con tant foot 
the reaction »> und ¢ ( 
th t} ot tv of carbor nitv in th a 
A-CS, or H will dissociate tem 
nto various sulfur species HM compounds at el Combining Eqs. 2, 7, and ® give aa 
vated temperature If the original partial p ure 
of CS, or HIS in the gases before entering the hot ae 
one, denoted by and p (i) ine mall com nee Known tron hig 6, the value of p 
pared with p,(t) or pw,(t) ulfur balance can be found, usit known values of K, and K,, but ae 
be written in the form of a al pre ire balanes j ty 
without introducing any sigmmimmnt error. Thu 
Where the equilibrium constant for the reaction 
and ( CS(q) 
2} (i) 2] 2] 
and. henee thie tundard tree ener of formation 
>] re poe lenote pal al pre 
iré “ut equilit ul 
If the two Kture vere in equilit i vill rad. 
cun be culceulated 
lentical Fe-( > al it ven temperature, the 
thie lata si il é ofp (i) ine 
vould Iso have been in equ i! an 
nd (1) were taken fe ditleres jifur cor 
othe! Hence the partial pre ine ot and 7 
n the meta 1 1600 and two at ¢ 
( ould be the same in botl ase Makeed 
the thermodynamic data given in Table II oe 
On this ba Eq. 2 may be ibtracted fro Kq. | —— 
to iate K Ik and md assuming that 
vin 
j l ats le is and Kuehls experiment the 
alue fj K., and the free ene of formation 
f ¢ calculated f each case. A summary of 
resu er Pa 
ana 
K lhe values of K. and are in pood agreement 
j 
where K, and K, are the equilibrium constants fo the 0.15 pet S point i wis ag 


Free Energy of Formation of CS 


Table V Equilibrium Partial Pr Sulfur Compounds 
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Methods for calculating the heat balance of a furnace during the oxygen blow and tor estimat 
ing the concurrent change in chromium analysis have been developed. The carbon content at the end 
of the blow can be estimated by means of these relationships when the initial composition and tem 
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HROMIUM IN BATH BEFORE BLOW 


Fig. 4-- Estimation of chromium content of bath after oxygen 
Fig 3—Heat of oxidation of metallics in bath 
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Heat to raise tet rature 1600 C present before the blow 
to 17 ¢ 150 x 0.43 (heat capac it ‘ sture 
ity from F 8 for 20 min) 645 kw-} the bath at the end of the oxidizing period is shown in oe 
to cover external losse 103.5 kw-hi 
tant cl tie © apparent. One the ex 
lo rate, Fi 10, 400/60 6.67 kw-h *, 
tene f o j ton blowin If 
per mur 
, : it te doe ot exceed th critical rate 
) Caiculatlion a ep 6, dU isiti 
‘ tisfuet hie Lhe miportant attribute 
min and so on until the ed de ae 
thio ‘ f the cu | hie blowin rate 
Curae obt ned In thi Cust 16.5 Nia 
flistte eul trial ‘ biowiln rate 
found in three te} 
| ‘ ter h bath tempera 
Similar calculations were carried out for a if? hu edthe t A topped when the desired 7 
erent numbe of a urmption of temperature {te 
the oxygen blow to SNMP the curves in Fig. 12 rhe h. Fig. 14, illustrates the effect of : 
The agreement of these ilculated curve th ae 1 i! tent on tne elation betwee 
The result lustrated by Fi ll and 12 appe Phere tthe change in the eri cs 
to demonstrate the eliability of these heat balance bul it Ke ease in the te pera 


metallic 

ittained in 

C have been cal- 
1000 and 2000 cu 
with the result 


fig Effect of tome and initial temperature on me 


sidation during decarburization of bath to 005 pet ¢ 


Table Vill. Measurements on Ton Furnace 


Temperatare 
Added 
Kefore Kw ie 


104 JOURNAL OF METALS, MAY 1957 TRANSACTIONS AIME 


ty est that in case vhere the oxygen blow 
1% Ce BEFORE BLOW rite iIpted at iyed for al reason uch 
N FURNACE takir mnie ets ipplica- 
my applic 
f elect wer could be desirable to avoid 
e 
© tion of the oxidizing period with 
oy 
, if ncrease met c oxidation and oxy- 
oF ain 
% et on example may clarif the quantitative 
‘ 
9 m, ett of the variables that have been shown graph- 
y 
% ‘ I these example two cast are considered, 
e oh im content of 9 pet and the other 
, ich ntent of 15 pet in the bath at the start 
oda i 10-ton furnace. The tem 
> ‘ sture f both batl at the tart of the oxidizing 
. ‘ ’ imed to be 1600 C. In each case the 
‘ er ¢ pended, the ar 
esultirs ind the tempe 
j the bath to pet 
i 1? ‘ ret tor ol charee 
arr 
RATION OF OXIDIZING PER MINUTES In both case nef 1000 cu ft per hr per NT 
f H00 eu ft ‘ } ‘ NT } decreased ox en 
pet. metallic oxidation } 1) pet, and 
eee by 65 pet. Final bath temperature ip 20°C 
it ‘ ‘ nm tempe tire {feet thie rmuecl 
‘ } me the bath: be at maximum tempera 
i I} i i ple d cu ed are if 
ty ‘ te et on! inde! the pecific 
heated ! ir charts and calculation 
j ii } ‘ 
‘ i that ‘ hould be of a tance in the de 
( ritre of more econo for 
i 1} ) thie ‘ cr it ten 
‘ ‘ ! ‘ ‘ i i? rie itt a l-ton are furnace meltin 
tls } } ‘ cept that j teu hea bean € thet eticall and 
j nat thee tha ite ‘ ‘ ent extrapolated by calculation to 
4 j ‘ +} 1} ‘ ‘ ou nvest tion of the 
It f | l6 that met ‘ 
erate the rt tof the 
‘ tthe et of the 
ext +} ol ‘ Test Ne 
‘ 69 
! ‘ i? tie t n-lempe ture and the la metal re 
thy f th ture {fu nee ‘ 
‘ ‘ t? heat bulance the temperature 
i th ‘ ected if the ite of ow el nput and the 
bis eo) ‘ ‘ ent. chart ‘ the ‘ d. ox en consumptior 


Table IX. Data for Calculation of Constants 


Thermal 
( eonductivity Speeitic 
Hiu per Me Heat 
sq bt itu per Lb 
Material per in ib per Ca bt Sq bt per Mr 


and 9, and desip 
Y. the follow 


OOO ( 9958S 


$618)/(100S — Cry} 1 | 10] 


results trom iim 
for 
al 


Procedure 


Appendix Il. Apparent Heat Capacity cf Charge and 
Container and Heat Loss Rate of Furnace 


Experimental Approach A ries of empirical 


© xperiumental l-ton 
‘ of the bath 
thermocouplk 
and electrical 


with the re 


these data 
ed titi thy 


10 cal per mol 
According to th 
li been almost to 


thie temper attire 


Appendix |. Relationship Between Oxygen Used for 
Metallic Oxidation and Change in Chromium Content 
of Bath 


endence fo} ent heat capucit 
Mathe 
veen the pes j Heat Flow Equations \nother approach is to 


Gina 


matical-Physiceal Approach—Solution 


i 


0 006415 


tud 
reache thie 


ent due to 


0.01194 


TRANSACTIONS AIME MAY 1957, JOURNAL OF METALS—705 


Item 
‘ i4 ‘ ‘ 0408 
r t ‘ ‘ 
4 nie 
= 
ation ICL per ioc electrical nium conten Viultiplying 
ole It ha perl lted the Quantitative evaluation of thie 1 ©) ton f metal 
he effect of 1 mal erro in measurin these fac ti is obtained an 
mit 
tol and has thus en pnhasized the eat importance 3 ; fo 
— 
of their precise control In practice 
In general, higher oxygen input rates result in ee is: 
horte riod lo ox ry 
nm perioa Ken 4 in the body of the report 
tion, oxidation of chromium and other metallie ‘ en ement f 10. Th 
Vaile id re bath te perature the cause Where the « le ink thie 
i ven set of conditions, there ‘ tical oO» ol a. 
nput rate that must be exceeded if eflective decat btauin } 
burization is to be attained. As furnace size increase mie 
the specific ¢ tical rate per unit weight of the charge a 
oO that adequate rate mi be practically 
attainable even in very large turnace At high oxy fs" 
en rate the bath temperature reached for a ven —— 
composition become elativel insensitive to fur a 
ther increase mn rate The major effect of tili 
ner rate to reduce the time the heat ma be at We 
fii } hal all i ii if 
ont tune the tandpoint vefrart life ere an iv kw-hr meter, 
For ven ite of OX en input, lowe tempera vill 
\ | n performed on 
a tia the owid herein the ¢ energy repre 
and the mount of et mium, man nese ind on ariadic re change, leads to a 
oxidized into th Higher chros i ile OO it a ean temperature of 
nthe cha ‘ ilso rease the duration of the a Capael of 0.45 Kwehi 
3 ‘ ton ( average « psed time of 6.2 min 
dizing period and the amount of metallic « lation an 
Although more accurate data and evaluat fo 
pecific conditior ire needed, the elatior that n, § 
have been described are considered to provide the ni 
il 1? i | 
basis for the design and control of more economical foubl © em ceded to ase ii! yi 
( ou ‘ ‘ oof th ‘ 
data, the bund f confidence for heat capacit 
nd heat lo ite are both quite wide and it would Ap. 
be eli to chect mother method the order of 
3 
! i tude al thie found here Also the 
bye rie irement ad not fturt h the time-de 
Fed ot 
bety olve 
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( ni? [14] per °F 
bie (L°/k) 20 2 0.43 
‘ tii | | it litleren 
th respect to X leads to the fo ving 
the te ‘ ture dient at the inside liates t aginary plane epresenting the opening 
thie ‘ cle Vial These plane with a 
col ned area of 4.4 sq ft, reradiate to the wate! 
(< } ds Io oled d through a 10-in. passage through the 
‘ ult n an effective emissivity factor 
\ vhere Radiant heat lo is Mmm ©) (radiant) 0.173 x 
the tl il conductivit f the refract 0.50 1.37 | 60°} Btu per hr 
The t j tit f heat fl between time Dhve ‘ iltant value are 
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Fig. 19--Relation 
with parallel walls 
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Inside temperature 000F 
1650°C im 1980 C 
Q (radiant), Btu per hi 027,000 «|< 
Ui 
() through the re 
assuming an outside temperature Of | 
62 per hi 
Side 1.7 x 25 x 87 per hi 00 
= 
Roof 208 x 10 62 per hi od: 
) Ul ) 
0.59 x 71 per 
4 
| 
Then th estimate of the gq, of Eq. 19 ive 159 agi 
kw 
‘ ter for adiat C)ve the H00 
i ( ilated i iti Kl 
tiplied the appropriate (area ) 
mC es the kw-hr pe C. The caleulation i ima 
Pable AI. Add the fand © ter the 
D ilt Pable Kl are plotted 
that. f an ave e of 6.2 min, the 
} t 0.35 | hie pe ( 
‘ kw-} ( vhich reuson 
27 24 on ‘ whet ( erutior ive 
9 ‘ +7 naccuracs the direct eusured value 
0659 le to Obtain the one 
If i exami tw be noted that of the 
{ ) three iter illectit thie the apparent heat 
i ( i cupacit two must be fluenced b furnace VA) 
i 17 
i? name ent hent fi rites the efructorte and 
f wudiant heat Phe t ent heat flow item will 
‘ nt feat i Vitti thie 
‘ 
eat te of the effect of these ite onthe 
= aD heat capacity of a er furnace, for which detailed ae 
range, the increase | 123 kw, or 0.24 kw per | P.. 
1 vere trie i W ia 
(0.42 kw pe! Fora ven temperature increase 
. de that the respective areas per ton of capacity A 
luring an oxygen blow, the average temperature a 
; e direct tien to the heat lo rate er la 
mly increases half as much as the final temperature | bee? 
ob 0.21 kw per This linear interpe tion re 
i he 1 25-ton furnaces were 
iit namaximum ¢ or of pet of the diation ag 
tact { 1} bet A’ nat 
i ‘ ise he cul ‘ 
( ‘ as compared to ints ation of the T° relation i 
over the temperature range how! a 
The heat capacity, as mentioned earlier 0.19 
kw-hr per ton of charge o the factor ¢ vould be ‘ W. Craf 1 1953 
0.19 tire cha ht in ton pp. 461-467 
Phe ter LQO/AT of Eq. 19 rerman to be evalu 1 
j 
Jote that from Fi 1Y the quantit Qk/KL AT car ‘ 
i ‘ j IME. N York, 1951 
be obtained. The quar ip he j of = 
ill the SQ/AT for the whole retractor area of the 
N Crafts: J 
i 19, and the factor KL/k to convert the dime Ss 
ere fu saa 
Ibiscussion IME Ju 057 
espondall aime! rie ( puted 1% 9 
tr { to } (;o1r nto | iv ait? 


Technical Note 


Effect of Strain and Temperature 


Fig |--Flow stress vs temperature for annealed and pre 
strained Mond nickel and copper Percentages refer to 
plastic elongation by tension 


FRYE. JR. Member AIME, J SCOTT. Associate Member 
AIME, and J W WOODS are associated with Metallurgy Div, Oak 
Ridge National Laboratory, Oak Ridge, Tenn 
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on the Yielding of Copper and Nickel 
rt Frye tt, and J. W. Wood 
+) af | ‘ ‘ ‘ 
‘ i ‘ 
‘ t his ‘ 
‘ ‘ 4 
‘ j ‘ 
! | thie } ‘ 
‘ ‘ { 
i} ‘ ‘ 
| ‘ ti 
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t the ct ition ene j eithel independ 
‘ f « eu th tempe ture These re ilt 
» be « ected if the hear moduli of cop 
! ‘ nad nicke ‘ re function of temperature 
j j is ttrell and ve pointed out mn ail 
hie ‘ ‘ fie thig hig ody! of the 
erial. In copper and nick nce the modulus of 
ticit locrease nearly with increase 
probable that the modulus of 
ter ‘ tu A detailed discu on of the 
f thece ind othe fact the tempe ature 
} P } } ecent Deon en eever 
‘ bie ‘ 
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WAAIME 
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te hnique 
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all-Institute directory 
was announced in the April 
issue. Members may obtain 
copies of the directory without 
cost by using the coupon that 
appeared on page 616, Journal 
of Metals, April 1957, or by let 
ter. Please use the coupon if 
possible. 


A new 


with plan 
ightseeing 


istration Desk to assist 
for hopping trips 
tours. The ladies are also urged to 
attend the luncheons and dinner 

Registration is $3.00 for AIME 
members and $5.00 for nonmember 
tudents will be admitted free. The 
proceedings of the Conference will 
published. However 
available reprint of talk will be 
distributed to registrant 

(See Program on page 719 


not be where 
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meet 
vill be 
Byer Co. in 


morning lon 


When the AIME Converter 
Committee hold it 
ing on May 15, the member 

of the A M 
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ii be voted to an in 
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pection tout 
of the company converter plant 
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eon for their vi 
In the 
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itor to be erved 
afternoor i tech 
held 

Transportation to Ambridge is by 
chartered bu which 
Penn-Sheraton Hotel, Pittsburgh 
6:30 am, returning at 6 pr 
vations must be made 


100th Anniversary 
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Mine 


JOURNAL OF 
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nes is the organ of the 
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issociation of 
the University of Liég 
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For this occasion 
uggestion from Hi 
cial international conf 
been organized under the Scien 
tific Researcl d Industry. The con 
ference, under the co-direction of an 
AIME, Pierre C 


peakers from 


Nominating Committee of 
the Metallurgical Society 
of AIME 


The Nominating Committee 
of the Metallurgical 
\IME is charged with the duty 
of selecting a nominee for the 
position of Vice President of 
the Society 
elected will erve Vice 
President trom February 1958 
February 1959, and wall au 

all ucceed to the office 

President of the Metallurg: 

Societ ut the end of hi 
as Vice President 

The nominees will ucceed 
our current Vice President, Mr 
Walter R. Hibbard, J1 
Vill be President of the 
from February 1958 to Febru 
il 1959 
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B. Brewster Jennings who was the 
principal speaker at the All Institute 
technical session Tuesday afternoon 


AIME President C E Restle, Jr re 
cemwing proclamation trom New Or 
leans Mayor de Lesseps S Morrison 
declaring AIME Week 


Orleans Annual 


wa Activity actually Friday 
afternoon the Lili, of the 
Interim Committee o 1 Council of 
Section Delepate and continued Sat- 
urday and Sunday with delegat 

meetings, council meeting commit 
tee meeting and on Sundi witl 
the general session of i Mineral 
Industry Education ivision The 
All-Institute program officially op 
ened at noon on Monday vith the 
traditional welcoming luncheon 

heard Joseph Mor 
ident of Tulane Univer 


ra concise and Clear ple 


ture ccomplishments be 
expected the geopl 
That evening the oclal were 
tarted off at the All-Institute cock 
party he Id at the Jung Hotel 
tag dinnet! 
moker ! at nigi he 
Roosevel otel, whi ' ittended 


All-Institute Session 
Inne itior 
ol te 


ittendance 


Part of the estimated crowd of 1500 
streaming aboord the SS President for 
the informal dance on Tuesday night 
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y | ewal of the Annual Metallurgical Society, and the Soci 
it New On ty of Petroleum Enyinees 
‘ for out-of-New Attendance was excellent at both 
eet ‘ tration of technical se or ind social event 
10 j ne GOO The ome of the meeting of the 
fonts: novatior three branche now societic taxed 
i thie \ tittite il Ortleat capacit to the utmost 
and It to the credit of the Delta 
‘ ence of the tio pons« ne the meetir ind act 
this ly titvite thie i that a crowd of th 
aot ‘ M hey thy nitude handlied a mooth! i it 
DANCE 
| 
. Pechnic owed by 
ra ‘ nno conflicting ‘ or r meet 
ings permitted. The se on was un 
3 4 exceeding 1000 as President ( 
| 


Joseph C. Morris, vice president of 
Tulane University, addressed the wel 


coming luncheon quests 
9 


Introducing Directors and Officers 
seated at the head table during the 
welcoming luncheon in New Orleans 


imquet 
i Medal 
Foundes 
Herbert 


(old Medal 
re Charl 
Andrey 
hards / ( pd John E Sherborne discussed the chal 
lenge to today’s petroleum engineer 
ing graduates at the MIED general 
session Sunday evening 


nquet 


Friday 


Field Trip and repi 


lars 
Lid 


Vetits close 
I ! tation 


‘ 


Annual Banquet 
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eetin reaks ixecoras 
+} evie f the tate of the honor achievement | top men in 
r lent ts field. Pre dent Re the wi chau ‘ 
ite x ‘ Presiden i tel Wd 
Restle ‘ | i be found or in and toastmaster of the he 
pape 74 to 576 of the April issue vhich presented the Hoove i te 
Fol i! President Reisth thie ponsored hy the 
guests heard B. Brewster Jenning Engineernu ocletie to 
chairman of the board, Socony Mobil Hoover, J vi « remarks and re ‘ ve 
Oil ¢ Ir peak Vankind ponse to the award presentation ma 
Stake Viddle East O Following be found on page 511 of this 1 rT ce) » ? a 
Mir. Jes n re iow of re lation Alfred prize por 
n this politically troubled vital en wed by the Four Founder Enginees Nea i! A! 
el ource aren. the member it ing (a vell as the Wester 
tended the innual AIME busine ociet of Er nee! vent to Mo 
meet hict held in the hamed Mortad The following five 
iddition i brief award vere presented at the 
ry | the President, each of the inquet: the Jame Douglas Gold 
‘ lelivered } rt of Medal 1 Ri el Bo Caple the Ay ‘ 
the annual report thon Luca 
Branch Dinners Gold Medal t a 
Puesday evening eaucl of the Robert H. R a 
ranche Minus Metallu Ps toine M. Gau 
troleu e] ts branch dinner, and FY. Fairle Aw 
then the Institute membe recor Following the on 
ened ol! trie tea ‘ President Toastmaster Re} i 
t the \ Institute comil Py dent Grover J Halt 
malia ‘ The Pre ho delivered the principal addre 
iif ' +} then returned for dam thi 
i ! ‘ ‘ iv! ad Aes 
oe flow rhe ttee had 1 ruly 
{ entert ‘ t ‘ mee 
ley ntinued ifte the 
ial i edu n the number of session particu 
Friday of « field trip by of concurrent session 
f t ‘ vished ‘ ‘ 
he Mining grouy f he Freeport \ in expel ent, with its inno Bae, 
jiphur ¢ pat pr nd with its inauguration of 
‘ ‘ twa wit) (y ij trie atte Work afl Meeting il New (orlean 
t i th the s ell Kats Atlus i nd Chemical marked the beginning of a new era S 


John C. Kinnear, Jr, first President of 
the Metallurgical Society of AIME, 
introduced the new Society at the 
Metals Branch dinner held at the 
Jung Hotel Tuesday night 


“Old” Metals Branch Dinner Initiates 
“New” Metallurgical Society of AIME 


and his con uum Steel Degassing Charl S 
Furnace Lit Barrett, Chairman of IMD, awarded 
fort I I ire Mi ! ! preset ted the the Mathewson Gold Medal to Paul 
official tol W fur val In absentia Gordon for his paper, Microcalor- 
o A ’ Germany metric Investigation of Recrystalliza- 

pr for odu on-Scale tion in Copper 


ISD and IMD Awards 
ron and Steel Diy 
f Metal Diy 


i ira 


! h Discussion of the status of the government supported basic research program in metal 
lurgy was one of the highlights of the Metals Branch program. Participants as mod 
ohnso erators and panelists at the Monday afternoon session were: left to nght (seated 
Sundqui JW. Poynter, W. J. Harris, Jr, R. Mehl, and J. J. Harwood; left to right (standing 
i Blast Furnae Kosting, W. Woodward, Charles Yost, L. M McKenzie, E. Litkenhous 
Operator isting in the develo and Edward Epremian 
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Launching of the Metallur; 
LIMI A i ate 
Lonual Dinner of the 
Meta Brancl Following 
] il f the new ocpet 
IME Bou Direct it 4 
Puesda Februa tin New 
the Met inpica oclety wa 
Metals Branel EMD, IMD, and ISD 
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L\IMI md Walter Ro Hibbard, Jt 
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ine f the Metallurgical Societ a 
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President-Elect of the Institut Vo > We 4 
ngs from the AIME President and 
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ONR Receives Citation 


The Office of 
its 10th anr 
AIME for ve and 
upport of fundamental 
metallurgy Robert F 
Dept of Metallurgical 
Carnegie Institute of 


citation addressed to 


Research on 
cited by 
continuing 
research in 
Me hl he ad 
Engineering 
Technology 


Re at 


wNaVal 


iversary was 


“effecti 


read the 


Adm. Bennett. In making the pre 
entation Dr Mehl tated that 
‘AIME ha long been aware of the 
admirable activit by the gov 
ernment, during the last 10 years, in 
upporting basic research to pro 


needed foundation for 
kr 
American 
added that since the ONR wa 
precursor of thi effort 
role de the 


vide a 
that technical 


teristically 


most 


harac 
Mehl 

the 
their 
proper 


w-how 


whole 
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icknowledgment 
Capt A. B. Metsger 
the citation, pointed 
ha upported “ 
materials re 
illurgy He 


who accepted 
out that ONR 
program on 
particularly met 
continued “Thi ha 


trong 


arch 


been self-interest because nearly 
every demand for increased operat 
ing capability of surface ship ub 
marine aircraft and mussile 
ultimately i requirement for 
improved mate rial The nuclear 

ould not be bullt 


powered hip ( 


vithout solution of many metallurgi 
problen in 


cal reactor technol 
The the newest 


and fastest fighter, is the first 


naval 


urcraft to use ignificant amounts of 


useful 
ind de 


titaniun made 


through a strong arch 
velopment progran 
Speaker of the evening was Clay 
ton Rand, Editor of The Dixvie Guide 
ind owner of the Dixie Pre it 
Gulfport, Mi His message on the 
South was pre 


mney 


re ‘ 


r 


all 


EMD Luncheon 


Grover J. Holt, 1957 AIME Pre 
dent, brought warm greetings to the 
EMD Luncheon Meeting presided 


over by outgoing divi chairman 


Kinnear, J1 
Following the 


introduction of the 


head table 1957 EMD Chairman 
Bruce W. Gonser, took over the 
h vel ind pre ented a plaque to 
former chairman Albert W. Schlech 


nmemoration of fi er of 


The Extractive Met 


te th dis 


illurgy Division Award for the best 
paper of the year was presented t 
R. C. Bell, G. H. Turner, and E 
Peter for their paper, Fuming of 


Zinc from Lead Blast Fur 
Study 


nace Slag 


Thermodynamu 


After savoring another exotic cre 
ole creation, members of the division 
vere treated to a most entertaining 
presentation of a seriou theme 
New Horizon New Re ponsibilitie 


Richardson 


peaker J. K 


Rear Admiral Rawson Bennett 

Chief of Naval Research 

United States Department of the Navy 
Washington 25, D.C 


Dear Admiral Bennett 


effective and 


the 


wtallurgy and the 


In recognition of 


mental research in n 


can Institute of Mining Metallurgica 
wishes to expre its appreciation to 

during this, its tenth anniversary 

over three hundred and fifty graduate 

of research projects that resulted in « 


Naval Re 
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technical papel! the Office of 
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Thi program of rese 
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ithe and other research groups in th 
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The journals of the American Institute of 
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Institute of 
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N i\ il Re ‘ 
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Office of Nava 
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idents and the 4 
r seven hundre« 
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from thi 
Office of 
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research in 
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l 
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yrosecution 


in metallurgy 


he 


ignificant 
work 


Petroleum 


metallurg’ 


Ir 


MAY 


A 6. Metzger, USN, who received 


The citation to the Office of Naval Research was presented at the Metals Branch 
dinner by Robert F. Mehl shown here with Capt 
the citation 
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One of the highlights of the EMD luncheon was o presentation of certificates to 
R C Bell, G H Turner and E Peters for the EMD Award Making the presentation 
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The Wednesda. 
on presented a unique 
of me te f 
ind old 1 fey 
WW Mi oft 
ers, and an anode furnace, with a lew processt W. W. Minkl he 
‘ thy name ere conce ed cle mn capacit f OO tor f cop Titar it Metals Ce p ive el 
net Interestiz front of teresting dat rn the nfluence of 
‘ ent pr ne ik for etal ior or ‘ or e tu 
' thie rie te Ky ‘ nau olter i ‘ lave titar it ea rie 
} oderberg elec tre ‘ ‘ ‘ ound Co ‘ I 
i j eltu The pape The El Pase ree g portance of ox } 
the « ove that Wor fA &R. | J Wood ‘ titaniu ‘ i media 
i harmful constituent ind Ben Robert 1s presented | R. L. Pearson, forme t the Us 
vere detected hy ma pectrometric Mr W plant, founded tv of Utal pl ia 
f fire fre mminu 7 as a ill lead ri Oak Kidge ibly presented pape 
eltu of ri} is one f the important « t ‘ iuthored b M. E. W isworth of 
| thie th the ISD elter m the Ty trenatir the Univer of Utal nthed 
! ' ‘ oup, 4 live issior iniety of lead and copper or nd lution of UO. in carbonate solutior 
| the two pape oncert concentrate fre Mexi ancdsothe The overall reaction v postulated 
‘ ' ef tori for a ' elt ithwest we is fror foreign to be the diffusion of und ociated 
Nenpresentative f the irce Current productior ount H.CO, and its competitior ith ©. at 
‘ ‘ ‘ oval the ‘ te f ad 6000 tor of cop thre id rpt or te he ou tep 
tel i thet re tor ‘ “4 rep rted tt be the re it P 
are te month ment if idsorbed ox el 
f thre efractor manic ' In the absence of the it} R ¢ irface 
the ved the W n, the paper on The Vi F. M. Stephes 3 W. Coffe 
! te ‘ Sy ‘ | N ind J. W Cookston of Batte ‘ re 
i 
‘ 4 { thie thi pe ted iniaque erie of eat 
the +} } tier ‘ carbor | f it the 
‘ ‘ on f coppe +} cobalt n wh the me 
} wa thye ou 1 the « lanun | reaction rate er elerat 
pepe te or pape ‘ Sous ind fx ed t ripe ! te pe ture 
ere presente twe rie opp neontrat ind pre ire lave nr 
(; nea nM ‘ ‘ the The pe ty of adapt 
ether on the te converte eal t} proce iterite ore ex 
fat furnace the separate fired J. Welsh and D. W. Peterson of 
Mick the preheater for « nd the Mar Chey cal Cory eported 
ef ‘ terest Phe ve pee f the ispended basic roof or plant operation of the Dear 
‘ en presented if inganese production low 
rade flomestic ore The « xceptior 
itl race inganese ¢ bor 
; ma peciait product fror 
. lomest ww mate 
‘ The or osed t} i paper 
by R. V. Lundquist of the USBM i 
Th Boulder City on the applicatior 
i > ¥ a tic regeneration of H.SO, and 
4 NaOH the waste sodium su 
il ive adopted or ‘ ! 
a t ference ¢ btree. ¢ i 
= 
presented er by le i 
or the ‘ ny 
ind the cor leratior nfluer 
: Ce the selection of proce ‘ ent 


LEFT: A. W. Thornton, outgoing Chairman of the Metals Branch wos toastmaster at the dinner which launched the Metallurgical 
Society of AIME. RIGHT: W. R. Hibbard, Jr, and Leo F. Reinartz discuss the Benjamin F_ Fairless Award which went this year to 
Mr. Reinartz for “his distinguished achievement in production and in technology 


LEFT. John Chipman, outgoing ISD chairman, presents the J. E Johnson, Jr, Award to Raymond W Sundquist at the Metals Branch 
Dinner, RIGHT. President-Elect Augustus Kinzel (center) with the two principal Metals Branch lecturers Morris Cohen IMD lecturer 
is on the right, and ES Davenport, who delivered the Howe Memorial Lecture, is on the left 


a complete and tailed paper 


J. D. Moore, Vitro Uranium Co., Fused Salt Electrolysis Thi: ion, lt 
followed with a description of studi attended by about 100 people, den J) lL. Wy 


the yn of a large cale ol onstrated the increasing interest in procedure 
electro tion of materials for producing ele 


att explained the operating 
for equipment, and prepara 
vent ¢ | 
tructed ‘itro for production of refining refractory 
um concentrate at Salt Lake the six papers on the program were ingg papel 
concerned with thi ibject. J. R also prese dS. Mellpren di 

Nettle gave further details on the ‘ d the equi tween titan 

vhich wa im metal and varioi alenes 
of titanium tons in molten SrCl,-NaCl 
that further 


xtraction facility to be con fused salts as a medium for 
metal Three of rolytie thoriun ‘Two vel 
tical ibject 


Interest 


latter part of the meeting wa 
titanium refining proce tate 
; first described before this group at 
of uranium ore B. G. Langston NY v 
— M Institut , the New York meeting last year. Hi melt He concluded 
ai recent result in removing the Vi required to establish the 
iry allo nature of the COMpPlex which 


concerned with carbonate leaching 


ammonium carbonate purities from nthetic bin 
which he indicated inode howed considerable promise probably exist ir 
ve, but not ap for the proce Hi. Bronsteuw cribed some vet 

G verly W W. Gullett bed another 


ented ; tim proce for electre 


thie ter 


conductivity determination 
metal if 


pheri basis of 
reporter ent y vith a va miplete the po 

enderoff conduction at 

electrors fin nductwy hand 


ind ndicated 


paqe 
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oo if 
A = 
technicali = 
plicable to al a 
AY 
Jational Lead Co., pr: 
ulating comparisor ot 
ind pressure leachir 
I I thie al 
greatly reduced eacn ¢ 
but only at probable expense of ng of molybdenum the molten syste vas suggested 
reased capital nvestment together that high te perature i! 1OW Cul i possible explanation of the Ee 
the po of corrosior rent density favored the efficiens of erved conductivits S. Sends 
prot ler J. S Breitensteu refining Continued on / 


LEFT J K Richardson was the principal speaker at the EMD luncheon on Wednesday noon at the Jung Hotel. RIGHT: Presentation 
new President of the Metallurgical Society of AIME 


of plaque to A W Schlechten, Past Chairman of EMD by J C Kinnear, Jr 


and Dr Chipman, outgoing ISD chairman RIGHT Mohamed Mortada, shown 


had the unique distinction in recent Annual Meeting history of receiving both the Alfred Noble Prize 
Rossiter W. Raymond Memorial Award established by AIME 


LEFT E S Davenport, who delivered the Howe lecture, 


here with Past President Revstl 


sponsored by the Four Founder Engineering Societies, and the 


LEFT Charles S Barrett awarding the Mathewson Gold Medal to Paul Gordon at the Metals Branch dinner. Mr. Barrett was the out 
Mr and Mrs A H Smith, and Dr and Mrs. Augustus Kinzel 


going chairman of IMD RIGHT Other quests at the same dinner were 
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Pte 
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Institute of Metals 
Division Session Reports 


Physical Metallurgy of Iron and 


Steel_-Th: ession opened with a 
paper on Flaking of Heavy Alloy 
Steel Sectior & t. Garr and 


A. R. Troiano. Presented by Dr 
Garr, Westinghouse Atomic Power 
Laboratori the paper revealed 


that large ection Al can be pro- 


duced flak pite of relative- 
high hydroger ontent by 1so- 


thermal transformation in the bain 


ite range vhere cor plete decompo- 
ition of austenite could not be ob 
tained. The profound effect of trans 
formation stre on the propensity to 


flaking was emphasized by this and 
other similar experiment 

H. M. Otte tirmingham Univer 
ity presented data demonstrating 
that the catter in the habit plane 
ina 28 pet Cr, 1.5 pet C steel is much 
‘reater than the experimental error 
and thu must be considered real 
Thi catter was attributed to lip in 
iustenite and to the imperfect struc 
ture of martensite. Evidence for slip 


in martensite also was discussed 

E. J Whittenberber U. S. Steel 
Corp., discussed an investigation of 
the + ) phase boundary in Cr 


Ni-Mn-N steel Nitrogen and nickel 
vere found to contribute strongly to 
austenite formation while chromium 
ind to a i er extent manganesc 
promoted the formation of 4 ferrite 
J. Philibert, Institut de Recherche 
de La Siderurgie, presented an ex 
tremely interesting discussion of an 
electron probe microanalyser and it 
application to studies of segregation 
elective oxidation, identification of 
carbides and nonmetallic phases, and 
to diffusion in complex system 


J. B. Austin, U.S. Steel Corp., se 
ion chairman, presented the pape 
on An Electron Diffraction Study of 
Flake Graphite Extracted from Mol 
ten Pig lron for the authors, K. Niwa 
ind G. Shimaoka Hokkaido Univer 
ity, Japan. It was demonstrated 
that ingle praphite flake consist of 
a mixture of the and forn ora 
more disordered tructure J. B 


Lustin 


Iron and Steel Division 


Gases in Steel interesting se 


ron m the thermodynamu and 
Kinet of reaction of liquid tee] 
ith nitrogen, hydrogen, and carbon 


monoxide provided ample opportu 


nity for discussion by those attend 
ng the ‘ on: as many as 140 peo 
ple were present. The broad interest 
in the ibject was indicated by the 
presence of many pl ical metallur 

ts as well th e interested pri 


in iron and steel making 


F.C. Langenberg opened the meet 
vith a imma! of the known 
reliable information on the olu 
bility of nitrogen in liquid alloy 


Continued on page 718) 


FEDERAL BEARINGS CO. has” 


ACCURATE 
Carbon CONT 


Vertical Retort 
Furnace 


Federal Bearings Company of Poughkeepsie, New York ac- 
curately controls the carburizing of certain bearing races in 
a Hevi Duty Furnace. 


Multiple Zone Control of radiant type heatmg elements 
assures even heat distribution from top to bottom of the load. 


Forced Circulation assures thot the carburizing atmos- 
phere reaches all surfaces of even the most dense loads. 


You, too, can produce consistently uniform results if you 
specify Hevi Duty Vertical Retort Furnaces for Carburizing, 
Nitriding, Dry Cyaniding and Bright Annealing 


Write for Bulletin HD-646 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 


HEVI 


METALS 
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Mirth and merriment were the 
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order 


of the 


day 


Chicago Section in the 


at 


the 
Shoreland Hotel 


Annual Dinner Dance held by the 


prese ted ar interesting 
nm the nt production of 
ted ter particularly 

i te ind h alloy 
Ir KR ond pointed out 

ifford i great 

hit nto the effeet of trace 
‘ thie pl cal ilue of 
tals luced. Th prima 

thy of pase 
| ele ent uch as boron 
i tits i! livel 

i nm per followed 


t t nnual Oyster Part 
el t the Nat il Pre 
Phere Ne i the oyster 
t n the half shell 
ed fried, and ter 
t nt tisty the most 
i | ite 
peuke i cheduled 
‘ ‘ i ive hort 
thie t to laraway pot 
‘ I le turted the ball 
t nt of his recent 
ti i imge mar inese deposit 
mation et at Hotel 
ird on Fel 10, Engineer 
te Da Ke note peaker 
lent of The Penr Ivania State 
t At th eet iward 
presented t tstandi ouns 
entist nad 


Fl Paso Metals Section met at 


te uit 13 to hear 
ten lent, Utex Mir 

Moab, Utal \fter be 
cad ft M or Bell Sen 
M Steer 

HH talk wa 


Session Reports 


(Continued from page 717) 


teels. He presented a_relativel 
imple method for predicting the 
Oolubility of nitrogen liquid corn 
ple x-allo ter The re ilt of an 
experimental study of the solubilit 


of 


( Va 


troger ! 
1600 
ip 
if oper iting variable 


content 


meet cl vith a pape! 
on the rate of C-O reaction in 
iquid iron b S. R. Seagl N. A 
Parlee, and R. Schuhmann. A unique 


avoide d 
inherent in 


experimental 
of 


nucleation 


technique 
the difficult 
of bubble 


John 


present 


Elliott 


in 


previou 


Steel 


Manufacture of Cold-Rolled 


Sheets. The capacity audience at the 
joint ISD-IMD ‘ ion irranged by 
the ISD Mechanical Working Con 


with a well 
balanced program of four paper 


H. C. Rogers, General Electric Co 


mittec vas rewarded 


presented a fundamental approach 
based on dislocation theor to con 
tre of vield point train-aging and 
ige-hardening phenomena in mild 
teel. A theory was introduced and 


howl 


lemonstrated oe how the yield 
point can be eliminated and train 
iging controlled by proper attention 
to the distribution of re dual stre ‘ 
introduced during the temper-rollin 
of mild tee] heet Thi theor 
offer the po ibility of i new ap 
proach to the problem of producing 
nonaging strip steel beyond the cur 
rent practice of controlling steel 
iking variable 

J. F. Griffin, of U. S. Steel Corp 
lescribed a laboratory testing pro 
eodure which ha been useful in 
creening out unsatisfactory lubri 
cant for high peed cold rolling 
mill The need for further work 
ilong this line was pointed out by 
Mr. Griffin in hi tatement that 
modern cold rolling mills are operat- 
ing considerably below their maxi- 
mum attainable peed only because 
of the inadequacy of available roll 
ing lubricant Before new develop- 
ments in lubricants can be tested on 
mill equipment it is essential to 
know that no damage will result 
Great interest wa hown in the 
two paper describing a new use for 
boron in controlling strain-aging in 
low carbon tee! L. R Schoen 
berger, Jones & Laughlin Steel Corp 


reported the de 
killed 
of ferroboron 


velopment of nonag 
with ladle 
The tee] 


ny emi teel made 


addition 


produced by thi practice had excel 
lent ductility and softne Ingot-to 
finished if Id ind irftace quality 
were claimed to be uperior to 


iluminum-killed steel FE. R. Mor 


in, and J. ¢ Shyne described a 
hemical ipped steel devel ped at 


Ford Motor Ce G.H 


’ on the hydrogen of the steel 
4 ‘ bath of an open hearth furnace wa 
. 
. 
BY = — = 
the Co 
ox J ‘ 7 
thie the 
bau of | 
Ir teal ( pre lit Featured rie 
i pepe ve 
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{ explained the 
‘ ! ol i] 
‘ pia 
‘ ‘ ‘ teal 
‘ ber tall 
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Program—Los Angeles Reactive Wining 
(Society of ining Bngineect 
Metals Conference 


Wei haupl Cha 
‘ Methods at Pine 


Minut Oper ion Clyde 


staud i k Mountain Development Cr 
TUESDAY, MAY 28 bon ane teneficiation of Reactive Metal Min 


pinec! Syndicate Ltd 


Registration Fellowship Hour 


West Venetia 


Hote 


Titanium, Zirconium, Hafnium 
(Metallur ical Societ ) 
West Venetian Roon 


Dinner Session 


WEDNESDAY, MAY 29 


Beneficiation, Refining, and 
Future Trends 
(Metal irpical Socretly ociet of Minu 


Raw Materials, Exploration, and 00 an 


Reserves 
f Mining Er 


High-Melting Metal 


Metallurgica cl 
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il Root 
man, and A.C. Dorenfeld 
(‘hairy 
vai 
t ott entif ' Mining Creek Mine: H. L. McKinley 
Union Carbide Nuclear Ce 
Climax Operatior John Goth, Climax Molybdenu pre 
Co 
i 
30 
7-00 pn West Venetian Roos 
James R. Long Cha an, and peaket Jarne Boud, Vice President) Exploration a 
bruce Olid, Co-Cha Kennecott Ce ppe Cory for eri Director | 
subject The Effect of the Locatyu f Reactive Met 
Resource he l eve j ‘ ‘ 
5 1244 
E. T. Hayes, USBM lnited State 
Zirconiu H Kato, USBM 
Porosity in Formed Titaniun R. A. Wood, D. N fe 
H. R. Ogden, and R. 1. Jaffee, Battell 
Me il Institute 
ritanium Castu 1.N. Robe USBM 
The 7 Alu Molybdenur Fitanium Allo \ 
Its Developme ind Properti 
Dwight Sawyer, Charrme ind Morton Dorenfeld 
Co-Chairmat 
‘ ery Pitieatl 
a Colonial Roon The Alkali Meta Present and Future Marsh 
Campbell, Cl ind Joseph Birman Sittig, The Amet tu 
Col) rhe Role of Thorium in Atomic Enery Woolsey 
Pot R ‘ R. W. Mumford, Americar Atoms International Dh North 
Invest f Borate 1(. Smith. USGS litanium Metallu vith ent 
Effects of pon Deposition of Uranium at Pe DH. Bake J Experimenta 
Car n.N.M H.C. Col Havstack Mountair tation, 
Rare Eart Peay. Ohio C Cohen and C. E. Berthold, American 
Corp 
Luncheon Session Luncheon Session 7 
OO Con nut Grove 
ou 12 00 hoon 
‘ ‘ H #B ‘ \ tant 
Dire peaks Bruce President, Nuclear Metals Ine 
Subject rrent Interest Bact e Met 
ibiect The Se ch for Mineral Raw Material ao 
Ww ¢ n Roe 
wd DD. Jaf Cha ‘ madi Du 
Bet Me k, Cha ma ( Chau 
William V Wricht Ir 
Mechanical Worki of Are-Cast Me Allo 
Meltir fR Met n A ( eA. 7 r M bhdenum ( 
tephen M helt Ore n Met irgical Corp Metallurs f Vanadiur Rostoke Armour 
Extrusy of Reactive Metal G Research Foundation 
Harvey Machine ome Mechanical and PI il Properties of Niobiu 
Reactive Meta Bruce B North Amer ind Tantalun T. Begley and J. H. Beeht 
i \ ation Westinghouse Electric Corp af 
Powder Metallu f Reactive Metals Use n Nuclea Metallurs of i i! Its Alle f 
Engineeru Henry H. Hausner, Per Pexas Cory " Nuclear Metals Ir 


The dinner-meeting 


traditional honor to Profe or 


va a 

Richards who contributed so much 

to the development of mineral engl- 

necring. Guest speaker for the occa- 
on Va A M Gaudin who occu- 
ies the Richards Chair of Mineral 


p 
Engineering at MIT. His topic wa 


Vative Flotability and Crystal Struc- 


t The author of a book on flota- 
tior A i standard text 
Prof. Gaudin received the AIME 
Robert H. Richards Award this year 


e The Yavapai Subsection met at the 
Hassayampa Hotel in Prescott, Ariz 


n January 31, to welcome five min- 


ing engineer from Spain who are 
isiting thi ( intry a guest of the 
l' S. State De pt These visiting en 
mec! were entertained by a cock- 


tail part ind a semiformal dinner 


Other icsts welcomed at the meet- 
ing were Thomas Bardon, president 
Shattuck Denn Mining Corp.; Thoma 


The Hob Nob Group visits US Metals Refining Co's plant in Carteret, N J. The trip on Newell. of the ime company; and 
March 19, by the AIME New York Section Powder Metallurgy Group, included a tour of the William Zilbersher of Ventures Ltd 
expermental press research laboratory, shown above The meeting was preside d over by 


the new chairman, David Lowell 


Associated Gen- 


Reno 
oat aa See tour were made by Howard 5. Can Subsection on February 8, in the 
f metal powder re Nevada Room of the Hotel 
ae earch for the compat He discussed the recent Reno blast 
er he eevee. & Phe next meeting of the New York and fire, and the history of floods on 
’ Tet } ill ection Powder Metallurg Group the Truckee liver. with pecial em 
| be held on May it the pha on the Reno floods of 1950 and 
Rail Restaurant, Fifth Ave. and 43rd 1955. In conclusion, Mr. Pine out 
poe ler metallury cle New York At that time. a talk lined the Washoe Project on the 
n the subject of Sim Truckee River Watershed and pre 
Scan Mechar m by A. J. Shaler of ented his recommendatior for im 
Pennsylvania State Universit Thi provement of the Truckee River 
a vill be joint: meeting vith the Channel and bridge n Reno 
a — “wy powcer New York Section Physical Metal Edmund F. Lawrence, mining ge 
conduct Gir ip olot t of the Nevada Bureau of 
Mine vu elected as vice chairman 
e The Montana Section met on Feb e The Spokane Subsection of the of the Reno Subsection to succeed 
, at the Montana Power Columbia Section held a joint meet H. P. Ehrlinger, HI, who resigned to 
i j rm bhutte to hen im ad vith the ASME on Fel 97. 1957 iccept a position v ith the A erican 
} Richard RK. Matthew A in the Gonzava Ur ersity Engineet Smelting & Refining Co. at El Paso 


it vas the talk | Jone vho Milling and Smelting—the Sud- 
bury Nickel Ores, is a 16-mm sound 


4 

At the dinner-meeti f the nes Who is an electrical color film produced by Inco, avail- 
Colorado Section on Februa f orp able free of charge. The 54-min 
the University Club in Golden. the ee ae Wales Ceeueee movie combines animation and mod- 

peake Fred Mace. | ” els with actual photography, pre 
talk on Oneratic e The Boston Section was honored senting a complete picture of the 
M Mit present if } the presence of Norbert Weinet1 operation. In addition, the history 
| Met Oil Indust peak “ofl dinne: and formation of the Sudbury Basin 
titled } ez | 0 t } } the MIT Faculty deposit is described, the components 
Clul 1) Wein Professor of of the material analyzed, and the 

ethe Oregon Section eetit or Mathe MIT nternatios combined efforts of research engi- 
bs i 15, took place in the Bur | Pmown { } contributions to neers, technicians and workers to 
t with el man Llevd H mathe three? Olesen ad 1 vritten solve the riddle of the rock is shown. 


for 


Inco’s earlier film, Mining 


Re rf | m or the eleetror brain. Hi itobiogra Vickel. a 16-mm sound color film, of 
thee ntroduced by Don Johr pl published recent entitled 45 min duration was reviewed in 
thy ‘ vhiel Prodigy Dr. Weiner addressed MINING ENGINEERING, October 1955. 
pl ! the ection py ed the the ection on the ibject f The Both films are free and may be ob- 
t il a to the Portland | Nev is Syste nd the Control tained from the distributor, Roth- 
bra fe he purchase of technical Vachine acker Inc., 729 Seventh Ave., New 
book ind Holl Cole reporte t The Section met again on March 4 York, 19, N. Y. State first, second, 
tudent act t the MIT Faculty Club in Can and third choice of showing date. 
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Powder Metallurgy Group Visits New Jersey Plant bridge, 
=. 
4 
\ pl ide to the Car esearet in the field 
rhe group was welcomed to the Edward L. Pin, 
te ( j \ Freer Dyke pre eral Contracto! of America ad- 


S. STORCHEIM 


chief of 
enpinecring 
Martin Co 
Saltimore, ha president and 
technical Metal! Re 

and Development Corp Exeter 


Samuel Storcheim, forme: 
manufacturing 
Glenn L 


become 


nuclear 
and research 
earch 


Pa 


director 


a laboratory and consulting service 
for government agence and pri 
vate industry in the metal, cermet 


and ceramic area 


P. Coheur has become head of 


wlallurs 


wen 
y, the University of 

iwcceeding H. Thy 
retired 


eral 
Liege 


en, who ha 


Selpiun 


R. W. Ruddle has ré igned hi posi 


tion with the British Non-Ferrou 
Metals Research Assn. to become 
technical manapes lor Foundry 
ET VICE Inc Columbu Ohio 

Donald N. Frey has been named di 


Ford 
Formerly a 
Scientific Lab 
recently served a 


rector of engineering research 
Motor Co Dearborr 
‘ irector of the 


Mr. Frey 


ad 


FREY 


Mirman of the twe 
ional Meeting on 
Dra ng Steel He ji i past chi 
Section 


detroit 
Detroi 


Donald L. Colwell, controller of lab 


oratorie 


ut Ape x Smelting Co., 


( 


‘hi 


March 


ap 


Metal! 


ago, was the peaker at the 
12 meeting of the Muncie, Ind 
ter of American Society for 
Hi Wa Aluminum and 


\lloy n Die C 


thie 


R. W. Wilson has been named 
cago District Manager, Electro 
illurgical Co. He had been sal 
neer for the company At the 
time, F. W. Hanson has been 
pointed Houston District 
vears of service a 


asting Proce 


Chi 
Met 


ap 


Manag el 


Howard N. Egan has been tran 
ferred from Gary, W. Va, to the 
Lynch, Ky office of U. S. Steel 
Corp in the capacity of assistant 
chief engineer 

D. J. Penney with U.S. Steel Ex 
port Co., New York 


Ww. E KINGSTON 


Walter E. Kingston, gern 


f the Atomic Energy Div 
Klectric Product 
named executive vice pi 
the me 


Rlects 
192% 


achu 


Thomas M. Hogan has be 


issistant district ale 
thie New Orlear office « 
Laughlin Steel ¢ orp A 
the ¢ pan for 20 year 


office 


Gili 


ton 


n eniotr ilesn 


ha 


ral Manage 


ania 


enture 


i 


Cc 


and 


ett 


en 


a 


Wor 
retain 


gradu 


ident ol 


ned Sylvania-Corning 


ot 


iti 


En 


tudied 


ociated 


Mi: 


if) 


Ir 


I 


f Jone 


ti 


with 


Ho 


in the 


Carl M. Loeb, Jr. was one of three in 
iustrialists named division chairmen 
of the Petroleun ind Metal Group 
in the New York City Cancer Com 

ittes Api Cancer Crusade He 

\ president and director of the 
nonferrou ela division, Climax 


W. JONES 
Phe promotions of Vernon W. Jones 
and John Poast were recently 
nounced by Armco Steel Corp 


an 


Mid 


dletown, Ohio. Mr. Jone formerly 
uperintendent ot tee! plant pro 
duction ha been made assistant 
veneral uperintendent blast fur 


nace and tecl plant) production 
Prior to his employment at Armeo 
on Jan. 1, 1928, he served as chem 
ist, Charleston Alloy Steel Co, Bell 
W Va first helper Ile Steel 
Corp Baltimore and wa melter 
foreman International Nickel Co 
Huntington W Va Mi Poast a 
graduate of Ohio State University 
had been a@ farmer prior to his em 
ployment at Armco in 1926. In 1934 
ia promoted to analyst in the 
Metallurgical Dept ubsequentl 


becomin checker, observer 


quality 


mad metallurpist After appoint 
ment tant uperintendent 
and superintendent in the Blast Fur 
nace Dept he vas transferred to the 
Hamilton Plant, where he holds hi 


present ition of assistant peneral 


po 
uperintendent 


J. POAST 


Hill A. Y. Beth 


Bunke 


une has been promoted to manager 
of eltaliury in charge of the con 
par extensive Kellogg, Idaho, op 
eratior Succeeding Mr. Bethune a 


zine plant 
Schmittroth 


thie 


Walter 
two 


iperintendent 3 
formerly number 
man at operation 


(Continued on page 
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nt of Ne Oper 


James W. Kinnear, Jr. 
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James Moore : ovembet 
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iter 


and Otter 


le ! it Purdue I 


re and San 


Prederick borscher, Z. M. Shapiro , it mortal Franz A. Vandestrick (Member 1952) 
LL. P. Pepkowits are the founde d recent! Bort n Charleroi 


hun on N he it 


Zay Jeffries, i \ president ded the School of in d Met 
Gene as been re Bel 
of the degree of 1920 
He ou 
Metallurgique 


j i 
ippointed lirector el 


cond World Metallut 
Charles Peterson ‘ slaw nel tendent. In 
( hh, te wo, Nov 8, mills super 
tallu dvanced to 
William T. McKeon 
Peterson have recently 


Bassett, Jr i! tro Metallu cal 
anization 


(ol. William 


‘ Ernest A. Lado 

Kobert J. Goode 


Benny Kidd 
Reynold Meta 


Joseph Reset ' H. Rush Spedden 
Niagara Fror 


bene mined 


Malcolm S. Grahm | 


Robert C. Good 
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j 


\\ 
Hughe 


Chih Wen Chen 


JOURNAL OF METALS, MAY 1957 


' t Bethleher Steer 
en announced 
merly superit OBITUARIES 
arth Div. of the 
Lach na beer 
ip 
. Member 1908 
the «6-yeal! 
Heart! chools of 1 M 
pointed executive vice pre lent of iitior He had se ed a Deat fro 
teel Cort Cant 27 until } etirement 0. Di 
Holbrook the f t recipient of 
th wines 23 Mr. Kir MIED award last year. Bort 
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formerly of Nichol Samuel J. Beckman (Member 1946 
fesearch orp New died ar iutomobile ve le t ofr 
Metallus cal Re No lt it’ the we OL 33 \ 
ewburgh, N. ¥ native of Buffalo, he wa raduated 
n 1949 from Carnegie Institute of 
; 
‘ i hte or Little hock Illino Steel Cr rp Pittsburel bye 
Laake tory, \ hy ton, D ¢ 
i i ! W i tir fore oiming Jone & La ighliu Stee] 
4 Corp. in 1950 \ wee on of po 
Vie pre lent tior including tri mill tester 
ntier Section, ha bloomit mill inspector, and hot 
a pleted | Union Carbide Ore research in 1951 as practice metallurgical it 
» the ersit conte sterli Forest, N. H estigator. P r to enterir Carne 
‘ t ich ork t Institute. he id heen « ed 
prient ind geoche is well a the Buffal N ia, Electric 
‘ | ‘ nd nera Corp., Buffalo 
second eutenant. USAF peeti Mi sped 
} id f the Mine Mi be 192 hed 
] execut ‘ 
Flect teel Cory 
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has been appe ted a M attended Le} 
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EJC Salary Survey 


Just published, the EJC report on 
engineer! alary structure for 1956 
cove! 107,000 engineering graduate 
93,000 in industry 10,000 in goV 
ernment and 4,000 in education 


Most complete to dat urvey re 
late earnings to graduation year of 
B.S.’s with special tables for Ph.D 

Tablk how earning scale in 13 
major employment area uch a 
chemical and allied product and 
utilitse Government engi 
neers divided into state and federal 
ervice and engineers in education, 
how teaching income and outside 
income The report, entitled Pro 


available at EJC, 29 W. 39th St 
New York 18, N Y The $b-pape 
printed booklet complete with table 


and graph costs $1.90 per copy 


Speakers Bureau 

To meet demand by industry and 
lay groups for authorities in broad 
area uch a manpowel! employ- 
ment condition ol EJC is infor 
mally expediting formation of panel 
and securing individual speakers for 
functions outside of EJC. Now ex 
tremely limited by own manpower! 
hortage, EJC secretariat hopes to 
expand activity. Inquiries for speak 


ers are welcomed 


Welcome, New Members 

The Society of American Military 
Engineers and the American Insti 
tute of Consulting Engineers became 
respectively, constituent and associ 
ate societie as of Jan. 16, 1957 


General Assembly 
Important ideas from 1957 EJC 
Assembly: Engineer alari have 
not kept pace with rising national 


economy, produc tivity and labor 
Wage merit rating and position 
evaluation advanced a mean of 


alary administration engineering 
manpowe! a defense bottleneck: 
vovernment taking new look at em 
ployed enpginect! alary-wise; ove! 
eas Oopportunitie are vast. These 
and more in EJC Assembly proceed 
ing available about March 15 at 
EJC, 29 W. 39th St.. New York 18 
N. Y. Report includes papers of na 
tional experts and floor discussion 


price $1.00 each copy 


ECPD-EJC 


Joint meeting of executive con 
ittes of both organization pro 
pose closer cooperation. EJC partic 
ipate ECPD’s annual meeting in 
October 1957, and ECPD may partici 
in EJ¢ 1958 


General J 


Washington Eye 


EJC taff assigned task of fre- 
yuent check on developing trends in 
Executive and Legislative branche 
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MEMBERSHIP 


Proposed for Membership 
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Associate 


Junior Members 


CHANGE 


TATE MENTS 
Members 


Ke 


HEINSEATE MENT 


Juntor to Member 


Student to Member 


PROFESSIONAL SERVICES 


Limited to AIME members, or to companies that have at least one AIME member on 
their staffs) Rates $40 per year per inch 


ALLOY METAL PRODUCTS, INC 


Consultants 
Rockingham Rood Davenport, iowa 


H. L. TALBOT 


Consulting Metallurgical Engineer 


{ Refir 


Room 330, 64 State St., Boston 9, Mass. 


MAX STERN 
Consulting Engineer 


p Kecovery and snip 
‘ 
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10 East 40th St. New York 16,N.Y 


Registered Japanes 
Consulting Engineer 


PO. Box 


1957, JOURNAL OF METALS 


Gullett, ¢ eget k, Mad 
( 1, Wale 
K vil ne 
Duquesne, | 
j Grot ‘ 
56 
Kot Vhitwood, Buftale 
‘ DeWitt D ‘ Warrer ‘ 
6 G ‘ 
ew. 1 i Hew 
! 
es Bo Young, Woodland Hills, Calif 
Assoctate to Member 
Cleveland 
i J East St. Louis, 
j G che G e, f 
1/ME ‘ j iy i i Pittsbu 
7,101 ‘ i i iJ Kre We Ihe potead 
‘ ere « ed 
| ‘ | ‘ ! 
rhe e J. Strater, Bull 
The Institute desires to extend tts pri Tre Det 
eges to every pers t hom wt n be of G i or. J ‘ = 
e, but does not desire as members per 
f 
‘ t Lake Cit 
‘ j 
“ iD. Wiide, Mllogg, Idat 
con Que , hu 
‘ bu mnt, Cas 
Extraction of Base Metals 
pecializing in Cobalt and Copper .. 
DR. TSUTSUMI 
of rederal government, in which en- ICA EAT ted fror 
terest. Purpe te trar forma 
tion to you through EJ¢ ~ 


COMING EVENTS ADVERTISER’S INDEX 


mid lestaura ( cago Ajax Electrothermic Cor eitz, Inc, 
its irant, en Frohlich & Co., In 
McKee & Co. Arthur G 
Ajax Engineering Corp 
May 106, NOHC Eastern Sec 1 e 
tie plant trip. Colorado Fuel 4 Mexico Refractories Co 
‘ ‘ Alloy Metal Products Inc 646 ‘ I A 
ory mymont, j ‘ 4 
Michigan Chemical Corp 
American Bridge Div, U.S. Steel Corp A lves & A 
May 10 IMI t Lou ection Hatten. Bart Durstine & Osbort Molybdenum Corp of America Second Cover 
pore ind dinner th, Taylor & Jenkins, In« 
ve pe ‘ J I, Gillson American Machine & Metals Inc ‘ Morgan Construction Co Third Cover 
IME View President Riehle Testing Machines Div Davis Press, Inc., The 
fhe lL. W Ramsey Adv. Agency 
pg Mullite Works, Laclede Christy Div 
Vay 10-12%, IMF NOHC Western American Optical Co H. K. Porter Co, Inc 
‘ fhe i? | Lime Prod n, Bowers & Strachan In Ruthrauff & Ryan, Inc 
cts Corp, I Vega Nev., area Bailey Co, Wm M National Carbon Co. Div ° 
lowning Industrial Adv., Ir 
Union Carbide & Carbon Corp 
May 12-16 hye cal Basic, Incorporated William Esty Co. Ine 
tat Washington. D. ¢ rhe Gris d-Eshieman ¢ National Research Corp 
Bell Telephone Labs Sutherland-Abbott Adt ; 
i) Conference Lith annual Buehler Ltd 636 . 
tatler, Bostor Kreicker & Meloan, North American Refractories Co 
= ‘ flord A. Kroening Ine 
M IME. R Met Philips Electronics, Inc 
~ Mi Chicago Concrete Breaking Co Anders Associates Ad 
rilerenes branch ‘ Manners. Ine 
Metals Brancl Ramtite Co, The 
Consolidated Electrodynamics Corp Marsteller, Rickard, Gebhardt and 
ba i Reed Inc 
Rochester Div 
on ‘ esl. “& Smeeth Harwood Co 
_orhart Ketractornes inc 
June 7 IME, NOE ithern Ohio D adv. Agency Smidth & Co, 
olf part The Stuart Co 
Davison Chemical Cc ‘Vv 
4 Co. Stokes Corp, F. J 648, 649 
The Aittkin-Kynett Co 
& Keyes, | 
Se 4-0 ® Co onwealth Mi P Swindell Dressler Corp 
pt et be Mir Detrick Co, M_ H Downing Industrial Adt In 
Viet j il re Ne ‘ O'Kane nad 
British Columbia to Nova Scotia ’ Taylor Sons Co., The Chas , 
ow Ch 1 Ce 652 
Dew Ma j Titanium Alloy Mfg. Div 
tet. 9 olid Fuel Confer National Lead Co 
omnas \SMI IME Coal Div., Cha Electro Met. Div, Union Carbide & Comstock & Co 
teau ntenac, Quebec Cordon P 637 Titanium Metals Corp. of America 
Towne Ad 
Oct. 18, AIME, NOHC Southern Ohio —_—*Fette. Engineering Co, United States Graphite Co., The 
innual meeting 633, Fourth Cover 
. Price anner & Willox, Ine 
Deshler-Hiltor Hotel. Columbu Frankel Co, Inc 
na-Michelson Co Industrial Chemicals Co. Div 
National Distillers & Chemical Corp 
General Electric Co, X Ray Dept 645 GM. Bastord ¢ 
LITA 4 Van Pieters i j ! 
Get 30-Nov. 1, Al a Rocky Mout U. S. Steel Corp 640, 64) 
in Minerals Conference, Denver Great Lakes Carbon Corp 643 Columbia-Geneva Stee! Div 
@ Stronmever, Tennessee Coal & Iron Div 
Nov. 1, AIMEE Pittsburgh Section and Harbison Walker Refractories Co ° U. S. Steel Supply Div 
Pittsbu } Section industrial Ad Ine U.S. Steel Export Co 
, i Ol-the- Record Meeting Hevi Duty Electric Co 717 Utica Drop Forge and Tool 647 
Pent iton Hotel, Pittsburgh ni Div. of Kelsey-Hayes Co 
ral p jucts C Zimme Keller & Calvert, In 
mow oy roducts 
Nov i L\IMI IMI) ill Mi ot ne 4 &B Valley Mould & lron Corp 
M International Nickel Co 638 Walsh Refractories Corp 
Marschalk & Pratt Ralph Smith Ad 
, Westinghouse Electric Corp 634 
Nov. 13, AIME. NOHC Buffalo Local Jet Propulsion Laboratory Caltech ° Bettis Plont 
| Ha lton Barrett Cole, Ad Ket Macleod & G el 
Ont, Canad Johns Manvillle Corp 635 Whiting Corp . 
Valle I ‘ lie & Briggs, Inc 
Dec. 4-6. AIMI iSth Eleetrie Fur Kinney Mfg. Div Whittaker & Inc 
teel Conference, Penn-Shet The New York Air Broke C 
aton Pittsburg! es, N D Waters & A I 
Lectromelt Furnace Co . Wyman Gordon Co 650 
Feb. 16-20, 1958, AIME Annual Meet rhe Griswold-Behieman Co John W, Odlin ¢ Inc 
it Plate Statler, New York * Previous tasue 
124 JOURNAL OF METALS. MAY 1957 


\ 
’ 
- 
i 


CAN MORGAN 


OR 


RGAN) MORGAN) M 


449 


ED STATES STEEL CORPORATION 9. 


<I 

O 

Morgan Mills are hnown to steel men throughout the world for their or 

sound design and accurate manufacture... anenviable reputation which > 
has assured mill users of efficient and trouble-free operation. Morgan yd 
Mills have kept pace with the 

ever-increasing demands for cr 
O 

high output and greater accu- > ¥ 
MORGAN CONSTRUCTION CO. 2. 

racy of product, WORCESTER, MASSACHUSETTS 7 
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THE NATURAL CARBON SOURCE 
THAT IS NEVER HARMFUL 
TO HANDLE... 


for furnace charge or recarburization 


you just can't beat non-toxic, natural RECARB-X! 


RECARB-X, a closely controlled product of natural Graphite, is 


made from selectively-mined graphite ore. RECARB-X is never 


harmful to handle or use! 


this high factor of safety, pivs its iow volatility ond 


freedom from harmful or unwanted elements make it the perfect choice 


for use in acid or basic open hearth and electric steel melting processes. 


RECARB-X is a dependable recarburizer over an extremel 


wide range ... whether it be 2 points or 20 points. Results are always 


uniform and consistent. 


RECARB-X produces no violent 


reaction and has top resistance to oxidation. 
p 


It dissolves quickly, quietly, and easily in molten steel. 


the aid given by RECARB-X 


in producing steel to close carbon specifications 


more than pays for its cost! 


Packed in strong, 50-lb. sacks. Prompt delivery of all orders. 
The brilliant red bag with the USG seal identifies the genuine 
RECARB-X ... a product of one of nature's finest lubricants; 


graphite! Write today for Engineering Bulletin No. 11. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW 15, MICHIGAN 


GRAPHITAR® carson crapnite © GRAMIX® sintereo metal parts © MEXICAN’ 


GRAPHITE PRODUCTS © USG 
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